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ABSTRACT 

B}'  use  of  trained  dogs  with  externalized  carotid  arteries  an  assay  for  cortico¬ 
tropin  influencing  factors. lias  heen  developed.  Injection  of  cerehrospinal  fluid 
from  man  or  from  dog  into  the  carotid  artery  of  such  dogs  iiroduced  a  didectahle 
I'levation  of  jilasma  17-OIICS  within  lo  minutes,  similar  to  that  observed  when 
1  gg  of  .V(''ITI  piu'  lb.  of  body  weight  was  given.  .V  satisfactory  dose  response' 
curve  was  obtained  wlu'ii  the  iucri'asi'd  h'vel  of  17-()HCS  was  measureil  as  a 
function  of  the  amount  of  spinal  fluid  (or  purified  factor)  injecteil  into  the  ani¬ 
mal.  'Pile  factor  in  spinal  fluiil  can  be  ])urifi('d  approximati'ly  25-fold  by  zone 
electrophoresis  on  a  starch  column  or  on  jiajicr.  'I'his  factor  appears  to  be  jiro- 
tein  or  polypeptide  in  nature.  Present  information  suggests  that  the  factor  may 
act  to  stimulate  .\CTH  secretion  through  tin'  jiarts  of  brain  irrigated  by  tlu' 
carotid  artery. 

A  HYPOTHALAMIC'  iieuroliuinor  or  iieiii’oluinior.s  may  act  to  ielea.se 
eortieotropin  (ACTH)  (1).  Satfraii  and  Selially  (2)  fotind  a  eortieo- 
tropin  releasing;  faetor  (CBF)  in  neurohypophysial  tissue  of  the  rat,  and 
CJuillemin  cl  al.  (R)  have  i.'^olated  a  suhstanee  from  hypothalamus  or  the 
posterior  part  of  the  hypophysis  xvhieh  .sets  off  ACTH  dis(*harg;e  in  vitro. 
The  work  of  Cluillemin  ct  al.  (X)  indieates  that  this  faetoi’  might  he  found  in 
various  parts  of  the  brain.  Fraetion  I)  from  hyimthalamie  tissue  has  re¬ 
cently  been  shown  to  promote  ACTH  release  in  morphine-nembutal  treated 
rats  (4).  Newman  ct  al.  (o)  obtained  a  recluced  secretion  of  corti.sol  in  ani¬ 
mals  with  destruction  of  the  ventral  diencephalon,  and  Boyce  and  Sayers 
(6)  have  reported  corticotrojiin  releasing  activity  of  a  pepsin-labile  factor 
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ill  the  liypothalanius.  In  contrast  to  pitressin  (7),  the  hypothalanhc  mate¬ 
rial  is  not  an  ACTlI-releasinfj;  factor  in  decapitated  animals  (S). 

From  the  fore^oiiif^  it  appears  that  substances  are  elaborated  by  the 
hypothalamus  and  possibly  by  other  parts  of  the  brain  which  can  promote 
the  secretion  of  AC.’TII  (9).  This  being  the  case,  such  substances  might 
enter  the  cerebrospinal  fluid  either  through  diffusion  or  active  secretion. 
The  present  study  reports  the  partial  purification  and  some  properties  of 
an  active  substance  obtained  from  human  cerebrospinal  fluid.  We  also  wish 
to  report  the  development  of  an  assay  method  which  depends  on  the  use 
of  trained  tlogs.  (dianges  in  ACTH  secretion  are  mea.sured  by  estimating 
17-hy<lroxycorticosteroids  (17-()1K'S)  in  plasma  from  animals  which  are 
injected  with  the  test  substances  via  the  exteriorized  carotid  artery. 

MATERIALS  AND  .METHOIJS 

.Moiifirt'l  (Ions  of  hotli  sexes  weiuliiiiK  .')()-S()  ll)s.  were  used.  'TIk*  aiiiinals  were  kej)!  in 
lar>re.  individual  eaues  and  f(‘d  Purina  l)o}>:  Chow  and  water  onee  a  day.  .Vfter  dewormiiift 
and  treatment  with  disttunper  vaeeine,  tlie  dofis  were  f^iven  a  standard  dose  of  1.2  I.T. 
.VCTH  kfj.  l)ody  w(‘i}jlit  intravenously  ami  plasma  levels  of  1 7-hydroxycortieost<*roids 
(17-OHCS)  were  measured  2.4,  and  (i  hours  after  the  injection.  .Vnimals  exhihitins  a 
normal  AC'TII  resixmse  (10)  wer»‘  selected  for  further  use.  In  th(“S(“  animals  tin*  left 
carotifi  .artery  was  externalized  as  deserihed  In-  van  I.ersum  (II)  and  hy  Verney  (12). 
Three  to  four  weeks  postoperatively  the  functional  .VCTH  test  was  re|)eatetl  and  animals 
respomlinu  normally  were  selecte<l  for  suhsecpient  training.  This  consisteil  of  trainiiiff  the 
animals  twice  a  week  to  lie  down  on  the  laboratory  floor  on  command  and  sit  up  with  the 
neck  eria-t  when  ordered  to  do  so.  Whim  this  was  achieved,  three  samjiles  of  :)0  ml.  blood 
each  were  reinovial  from  the  h'j;  vein  at  10-minute  intervals.  Plasma  17-()HCS  were 
determined  in  these  .simples.  During  the  early  jihase  of  training,  an  increa.se  in  the  con¬ 
centration  of  these  sti'roids  were  found  over  the  IlO-minute  iieriod.  After  3  to  4  months 
training  with  withdrawal  of  blood  the  animals  apparimtly  accommodated  to  this  “.stress” 
condition  since  very  little  fluctuation  in  iilasma  17-OHCS  was  seen.  The  carotid  “loop” 
was  then  imnctured  and  ">  ml.  of  sterile  O.S,59(  sodium  chloride  at  :i7.o°  C  were  injected 
over  a  1.5-second  period.  .Vftain.  this  treatment  elicited  a  response  in  plasma  17-(4HCS. 
Training!  was  then  continued  until  this  response  disappeared. 

.Vfter  trainiiif!:  tlu‘  dons  i“very  week  for  S  to  1(1  months,  in  the  fashion  outlined,  the 
“loop”  do<;s  I'xhibited  only  a  very  slight  response  in  jilasma  17-OHCS  when  subjected  to 
the  following  jirocedure. 

The  animals  were  broiifiht  without  a  leash  from  thidr  ipiarters  in  the  basement  to  the 
laboratory  on  the  second  floor.  A  blood  sample  of  .'lO  ml.  was  taken  for  the  determination 
of  jilasma  17-OHCS  and  .5  ml.  of  isotonic  saline  at  ;17.*)°  C  were  injected  into  the  carotid 
loop  over  1.5  seconds.  Thi'  don  was  onhucd  to  lie  down  and  another  30  ml.  of  blood  was 
removed  1.5  minutes  after  the  intracarotid  injection.  If  the  concentration  of  plasma  17- 
OHCS  in  the  last  sample  was  not  more  than  .30  50^  hinher  than  in  the  control  sample, 
the  ainmal  was  considered  suitable  for  exix'rimental  use.  Ordy  .50^^  of  tlu'  operated  dogs 
survived  to  serve  as  suitable  test  animals. 

.Vll  the  exiieriments  reported  were  done  between  1  :00  e.M.  and  ;5:00  i*.m.  The  levels 
of  17-OH('S  in  don  plasma  are  lower  at  this  time  of  day  than  durinn  the  early  morninn 
hours  and  also  underno  less  fluctuation  ( 13).  Plasma  levels  of  17-OHCS  weri'  determined 
as  de.scribed  by  Kik-Xes  (14).  Several  expiuiments  were  also  pcwformi'd  in  normal  n»iiiea 
pins  by  measurinn  jilasma  17-OHCS  (1.5)  and  in  hypoi»hysectomized  rats  by  the  adrenal 
ascorbic  ai-i<l  depletion  method  l  Kii. 
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Spinal  fliiifl  was  collected  from  the  3r(l  ventricle  and  the  preoptie  subarachnoid  rej;ion 
of  normal,  anesthetized  doRs.  Thest*  fluids  were  kept  at  4®  ('  for  no  longer  than  12  hours 
before  being  injected  into  the  test  animals.  Human  si)inal  fluid  was  obtained  by  spinal 
tapping  from  patients  shortly  before  surgical  operation.  This  spinal  fluid  was  pooled 
from  numerous  patients  and  kept  in  a  deep  freezer  before  being  assayed  or  subjected  to 
purification.  Since  it  was  observed  that  loss  of  activity  oeeurn'd  with  s])inal  fluid  as  well 
as  with  partially  purifietl  preparati(»ns  after  n'peateil  freezing  and  thawing,  these  proc¬ 
esses  were  kejit  to  a  minimum  and  the  various  prei)arations  were  administered  to  test 
atum.ds  as  soon  ;is  possible. 


KESULTS 

Assaij  Method.  Fifteen  ininute.s  after  the  intravenou.s  injection  of  1  pg 
ACTH  Ih.-  l)o(ly  weiglit  into  the  leg  vein,  jtlasina  levels  of  17-()1IC’S  had 


T.\KLK  1.  I’l.ASM.C  I.KVKI.S  OK  1  7-1 1 Y l)Ko.\ YCOKTICIiSTKUOl OS  (/xG./lOU  Ml,) 
IN'  TKAINKO  ••|.OOI>"  nous* 


i7-(mc:s  (Mg/io()  ml.) 


of 

tests 

('oiidition 

Refore 

injection  ; 

15  minutes 
if  ter  inji'ction 

21 

5  ml.  .85' ,  Xiit'l 

1  .8±  .  10 

2.3+  .21 

' 

1  .\(’TH/lb.  in  5  ml.  .85' ,  X;i(.’l  (given  bv  the 

h‘g  vein) 

1  .5±  .13 

5.0  +  .47 

S 

1  gg  .\('Tli  11).  in  5  ml.  .85' ,  XaCl 

1  .0+  .12 

4.0±  .20 

13 

5  ml.  dog  st)in!il  fluid  obtiiined  from  the  prcoptic- 
suluiritchnoid  region 

1  .'.)±  .10 

.5.7  +  .  30 

8 

5  ml.  human  spinal  fluid  (given  by  leg  vein) 

1.0+.  10 

2.0+  .21 

12 

5  ml.  human  s])inal  fluid 

1  .f»±  .12 

4.0+  .30 

t) 

2  gg  partially  purified  spimd  fluid  protein/lb.  in 

5  ml.  .85' (  XaC'l  (given  by  leg  vein) 

1  .'.»±  .24 

2.2 ± .25 

.") 

2  gg  ])artially  purified  spinal  fluid  protein,  lb  in 

5  ml.  .85' ,  Xa('l 

1  .7  ±  .20 

t  .0±  .32 

s 

Homogenate  of  1000  gg  tlog  cor])or;i  mammilaria 
in  5  ml.  .85' ,  XiiC'l 

1  .0+  .10 

2.0  ± .20 

li 

1  gg  liuiuitn  ])lasm:i  -globulin,  Fraction  lU/lb. 
in  5  ml.  .85'  (  X:iC'l 

1  .8  +  .20 

2.0  ±  .22 

8 

1  gg  iM'cf  growth  hormone/  lb.  in  5  ml.  .85' ,  XaCl 

1.0+  .00 

2.3  +  .  17 

(i 

1  gg  lactogenic  hormone/ lb.  in  5  ml.  .85',.  XiiC'l 

1  .0+  .22 

2.2 ± .30 

i 

1  gg  ICSH  lb.  in  5  ml.  .85',  XaCl 

1  .4-  .3t) 

1 . 7  +  . 20 

* 

.\ll  levels  iirc  mean  h'vels  with  one  st:indard  error  of  the 

mean.  If  not 

otherwise  indi- 

catecl,  the  material  was  injected  vi:i  the  externiilized  c.arotiil  artery  of  the  tr: 

dned  ;inim;d. 

increased  significantly  in  the  dogs  (Table  1).  When  this  dose  of  AC'TII  was 
given  by  the  carotid  loo]),  the  increa.se  in  plasma  17-()IK\S  was  the  .same  as 
when  the  hormone  was  given  by  the  leg  vein  (Table  1).  An  increase  of  this 
order  in  the  plasma  17-()H(’S  concentration  was,  therefore,  a.ssmned  to  be 
indicative  of  adrenal  stimulation. 

Five  ml.  of  human  cerebrospinal  Huiil  obtained  by  spinal  tap  were 
warmed  to  37. o°  ('  and  injected  into  the  carotid  loop  in  the  standard  way. 
.\n  increase  in  plasma  17-()HT'S  similar  to  that  obtained  by  injecting 
•VCTH  was  .seen  in  all  animals  tested  (Table  Ij.  When  this  amount  of 
spinal  fluid  was  given  intravenousiy  by  the  leg  vein,  no  significant  altera- 

I  -  I  mg.  of  this  material  contained  110  l.F.  of  .VC'l’H. 

I 
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tion  in  the  level  of  plasma  17-()IICS  was  detected  (Table  1).  The  response 
when  spinal  fluid  was  given  by  the  carotid  artery  indicated  therefore  that 
this  material  influenced  the  metabolism  of  ACTII  centrally.  Active  mate¬ 
rial  was  found  in  dog  spinal  fluid  obtained  from  the  third  ventricle,  the 
lumbar  subarachnoid  space  and  the  subarachnoid  space  in  the  preoptic 
region  (Table  1). 

Figure  1  shows  the  results  of  several  assays  in  which  the  response  of 
plasma  17-OHCS  was  measured  as  a  function  of  the  amount  of  protein 
from  human  spinal  fluid  which  was  administered  via  the  carotid  loop  of 


MICROGRAMS/lb.  BODY  WEIGHT  OF  SPINAL  FLUID  TOTAL  PROTEINS 


(Both  XK-140) 

Fig.  1.  Chaiiffo  in  |)lasina  17-()H('S  15  minutos  after  the  intracarotid 
administration  of  varvinfi  amounts  of  human  spinal  fluid  protein. 

the  trained  dog.  It  is  evident  that  a  graded  response  is  obtained  and  that 
the  maximal  level,  200%  above  that  in  the  uninjected  dog,  is  in  accord 
with  previous  studies  in  .such  animals  (17). 

Purification. — For  further  study  of  the  active  material,  200  ml.  aliquots 
of  pooled  human  spinal  fluid  were  placed  in  a  dialysis  bag,  and  pervapora- 
tion  was  performed  by  blowing  air  on  the  out.side  of  these  bags  with  a 
standard  floor  type  fan  at  room  temperature.  This  treatment  reduced  the 
volume  of  fluid  to  2-3  ml.  which  contained  a  total  of  50-70  mg.  protein 
(18).  The  fluid  was  centrifuged  and  the  insoluble  fraction  was  separated. 
The  insoluble  material,  when  dissolved  in  saline  and  injected  in  the  test 
animals,  had  no  effect  on  the  levels  of  plasma  17-()IICS. 

The  supernatant  fluid  from  the  centrifugation  was  then  dialyzed  against 
a  0.05  M  pho.sphate  buffer  at  pH  8.0.  After  dialysis,  the  protein  solution 
was  applied  to  the  vertical  starch  column  described  by  Hill  ei  at.  (19). 
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Elect roplioreisi5>  was  performed  for  24  hours  at  30  milliamps.  in  0.05  M 
phosphate  buffer  at  pH  8.0.  Elution  of  the  separated  fractions  was  effected 
with  the  same  buffer  and  1  ml.  fraction  were  collected  with  the  aid  of  a 
Technicon  time-flow  fraction  collector.  The  protein  concentration  in  each 
tube  was  determined  by  a  tubidometric  method  (18).  A  typical  pattern  is 
shown  in  Figure  2. 

Pools  of  the  contents  of  several  tubes  were  made  as  indicated  in  Figure  2. 
From  each  pool  200  /xg  of  protein  were  dissolved  in  5  ml.  of  0.85%  sodium 
chloride,  warmed  to  37.5°  C  and  injected  into  the  carotid  artery  of  the 


Fig.  2.  Concentration  of  protein  as  a  function  of  elution  volume  after  electrophoresis 
on  a  starch  column  of  concentrated  human  spinal  fluid  protein.  The  roman  numerals 
indicate  the  pools  which  w(‘r(‘  tested  for  activity,  .\ctive  material  was  found  oidy  in 
Fraction  VI. 

trained  dogs.  At  this  level  actmty  could  be  found  only  in  the  pool  of  Tubes 
64-G8  (Fraction  \T).  When  different  doses  of  this  material  were  tested,  2 
jug/lb.  gave  a  maximal  respon.se  as  indicated  b.y  the  data  in  Figure  3.  It 
is  noteworthy  that  the  form  of  the  curve  in  Figure  3  is  similar  to  that 
shown  in  Figure  1  for  whole  spinal  fluid  protein.  Comparison  of  the  data 
for  the  crude  and  partially  purified  material  indicates  a  purification  of 
about  24-fold.  As  indicated  by  the  data  in  Figure  1,  it  required  12  mS  lb. 
to  produce  a  100%  increase  in  steroids  whereas  it  required  oidy  about 
0.5  MS/lt).  to  obtain  the  .same  response  with  Fraction  VI  (Fig.  3). 

To  obtain  larger  amounts  of  the  active  material  the  Spinco  CP  Con¬ 
tinuous  Flow  Paper  lOlectrophoresis  Apparatus  was  utilized.  The  spinal 
fluid,  after  concentration  by  pervaporation,  was  dialyzed  against  0.02  M 
phosphate  buffer  at  pH  8.0  for  24-48  hours  before  being  applied  to  the 
curtain.  Flow  rates  Avere  adjuste<l  by  setting  to  3.5  on  the  upper  curtain 
and  9.5-10.0  or  1  drop  per  10-15  seconds  on  the  side  wicks.  Application  of 
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Fig.  3.  CliaiiKi'  in  iilasma  17-OHC'S  aftor  tlic  intracarotid  a(lmini.«itratioii  of  varying 
amounts  of  the  active  fraction  of  spinal  fluid  iirotein  partially  purified  hv  starch  column 
electrophoH'sis. 


the  sample  was  maintained  at  1  to  1.5  ml  liour,  and  operation  of  the  con¬ 
tinuous  flow  apparatus  was  continued  for  18  to  27  hours  at  a  constant  cur¬ 
rent  of  GO  miiliamps.  requiring  approximately  400  volts.  The  same  degree 
of  purification  and  overall  yield  resulted  from  this  treatment  as  from  elec¬ 
trophoresis  on  the  starch  column.  A  representative  pattern  is  shown  in 


0  5  10  15  20  25  •  30 

TUBE  NUMBER 


Fig.  4.  Concentration  of  protein  as  a  function  of  tube  number  after  .subjecting  con¬ 
centrated  human  spinal  fluid  jirotein  to  electrophoresis  by  the  continuous  flow  method. 
.\11  of  the  activity  was  found  in  Fraction  \. 
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Figure  4  where  concentration  is  given  versus  tul)e  numher.  It  has  l)een 
found  that  more  than  200  mg.  of  protein,  representing  almost  one  liter  of 
spinal  fluid,  can  be  fractionated  by  the  procedure. 

Additional  Tests.  Inasmuch  as  the  active  fraction  obtained  from  the 
spinal  fluid  emerged  in  the  region  expected  for  7-globulins,  human  plasma 
7-globulin,  (Fraction  II-3)  at  a  dose  of  1  mS  lb.  was  tested  and  found  to 
be  ineffective  (Table  1).  Several  anterior  pituitary  hormones  were  tested 
at  the  same  dose  level  and  also  found  to  be  inactive  (Table  1).  Finally,  no 
increase  in  plasma  17-OIICS  was  found  when  1000  pg  of  corpora  mam- 
milaria  from  the  dog  were  homogenized  in  saline,  filtered  and  the  super¬ 
natant  .solution  administered. 

When  2  jug  of  purified  spinal  fluid  globulins  were  given  per  lb.  of  animal 
by  the  leg  vein,  no  significant  response  of  plasma  17-OHCS  was  seen  (Table 
1).  This  indicates  that  the  spinal  fluid  material  produced  its  effect  by  an 
action  in  the  central  nervous  region  rather  than  in  the  adrenals. 

A  do.se  of  1.5  pg  gram  of  body  weight  of  purified  spinal  fluid  globulins 
was  injected  into  guinea  pigs  weighing  from  280-400  grams.  As  shown  in 
Figure  5  the  level  of  the  plasma  17-01  ICS  was  increased  and  reached  a 
maximal  value  in  2  to  3  hours. 

When  one  pg  gram  of  the  partially  purifie<l  .spinal  fluid  material  was 
given  to  rats  hypophysectomized  23  hours  earlier,  no  depletion  of  adrenal 
ascorbic  acid  could  be  found  (Fig.  0),  indicating  again  that  the  material 
did  not  act  directly  on  the  adrenal  cortex. 

The  spinal  fluid  material  was  tested  for  vasopressin  activity  in  the  rat. 


200-1 


Fig.  o.  Plasma  lewis  of  17-()H('S  in 
normal  guinea  pigs  after  the  intravenous 
administration  of  1..5  pg/gm.  of  partially 
purified  spinal  fluid  protein.  The  shafled 
area  indicates  the  control  range. 


23  Mrs.  HYPOX.  RATS 


Fig.  ().  .Mean  concentrations  of  adrenal 
ascorbic  acid  in  hyiioiihysectomized  rats 
after  the  injection  of  partially  purified  hu¬ 
man  spinal  fluid  jirotein.  Each  column 
represents  4  animals.  'I’he  numbers  at  the 
top  of  each  bar  rejiresent  the  standard 
deviation  of  the  mean. 
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A\’hen  compared  to  U.S.P.  XV  posterior  pituitary  standard  the  spinal  fluid 
preparation  contained  less  than  0.008  pressor  units/mg.® 

Isoelectric  Point.  -Purified  samples  of  pooled,  active  fractions  from  either 
starch  column  or  curtain  electrophoresis  were  subjected  to  paper  strip 
electrophoresis  with  the  aid  of  the  Spinco  model  K  electrophoresis  appara¬ 
tus.  Figure  7  is  a  plot  of  distance  moved  versus  pH.  Normal  human  serum 
was  run  simultaneously  as  a  control  and  the  values  for  the  albumin  are 
plotted  for  comparison.  The  apparent  isoelectric  point  was  at  pH  5.4.  The 
control  albumin  showed  an  isoelectric  point  at  pH  4.7,  in  good  agreement 
with  the  known  value  for  this  protein  (20). 

The  paper  elect rophore.^s  pattern  obtained  at  pH  4.0  indicated  some 
polydispersity.  Several  subsequent  runs  were  performed  at  this  pH  and 


Fig.  7.  l-4cctropliorctic  mobility  as  a 
function  of  pH  for  the  active  spinal  fluid 
fraction  and  for  a  control  of  human  serum 
albumin. 


4  5  6  7  8 

pH 

samples  were  eluted  from  the  paper  strips.  Three  possible  fractions  were 
obtained  corresponding  to  a  portion  remaining  at  the  origin,  a  low  moving 
component  and  a  faster  moving  component.  These  three  fractions  were 
then  tested  for  activity  in  the  assay  animal.  The  most  rapidly  migrating 
fraction  was  found  to  be  active  whereas  the  other  fractions  were  not.  This 
suggests  a  procedure  by  which  it  may  be  possible  to  achieve  further  purifi¬ 
cation. 

Sedimentation  Studies. — Purified  preparations  obtained  by  starch  column 
electrophoresis  were  ecjuilibrated  by  dialysis  against  0.1  M  veronal  buffer 
at  pH  8.5  or  against  0.1  M  phosphate  buffer  at  pH  7.0  and  then  .subjected 
to  high  speed  centrifugation  at  59,780  PPM  at  room  temperature  in  the 
Spinco  ultracentrifuge.  The  sedimentation  pattern  indicated  the  presence 
of  two  major  components,  one  having  a  sedimentation  constant  of  approxi¬ 
mately  2. 2.-2. 4  Svedberg  units  representing  approximately  35%  of  the 
material  and  the  heavier  component  of  4.8-5.5  Svedberg  units  making  up 

®  W'c  arc  indebted  to  C'.  E.  I’owell  of  the  Eli  Lilly  Company,  Indianapolis,  for  this 
assay. 
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the  remainiiifi;  05'^/  of  the  sediinentiiip;  material.  These  values  would  cor¬ 
respond  to  molecular  weijjihts  of  approximately  20, 000  and  SO, 000  respec¬ 
tively,  if  it  is  a.ssumed  that  the  diffusion  constants  and  the  partial  specific 
volumes  are  similar  to  those  of  other  fjlohular  proteins.  It  is  noteworthy 
that  although  the  active  material  mifiiates  in  the  7-p:loludin  range  of  elec¬ 
trophoretic  mobilities  the  partia  y  purified  preparation  contains  no  7- 
globulin  as  judged  by  the  sedimentation  behavior. 

Slabilitij.  As  indicated  in  Table  2,  the  partially  purified  material  from 
siiinal  fluid  retains  activity  after  a  short  exposure  to  acid  or  base.  Heat 
and  digestion  by  pepsin  or  trypsin  destroy  all  activity  indicating  that  the 
factor  is  probably  a  protein.  Furthermore,  a  considerable  loss  of  activity 
is  obsei’ved  after  I’epeated  freezing  and  thawing  or  after  storage  at  0-”)°  C 
for  long  periods. 


TaBI.K  2.  StaBII.ITV  ok  ACTIVK  MATKKIAI,  KUOM  III. max  SI’INAI.  Kl.l  ll)  IXKI.UKXCIXli  TllK 
.MKTABOLIS.M  OF  .tC"!'!!.  'I'wo  fili/i.ti.  WERE  INJECTED  BY  THE  CAROTID  “l,001>”  OF 
TRAINED  DOOS  AND  EACH  I'REl’ARATION  WAS  TESTED  IN  3  ANI.MAES 


('oiidition 

.\ctivity 

1. 

Heated  at  (>0° 

'  for  1.')  mill. 

Fill!  activity 

2_ 

Heated  at  !).5°  C’ 

'  for  10  min. 

Complete  loss  of 

activitv 

.3. 

I'.xposed  to  l.t) 

M  H('l  for  1  lir. 

and  then  niMitralizi'il  with 

Ca  loss  of  ai 

ctivit  V 

1.0  M  XaOH 

4. 

F.xposed  to  4.3.') 

M  acetic  acifl  for 

1  lir.  and  thmi  nmitralizcd 

Full  activitv 

with  4.3,')  .M  NaOH 

”). 

F.xposed  to  1 '  ( 

trvpsin  for  24  hrs. 

at  24°  (’ 

Complete  loss  of 

activitv 

(i. 

I'lxposed  to  1  ‘  f 

pepsin  for  24  hrs. 

at  24°  (' 

('omplete  loss  of 

activitv 

"■ 

Kejit  frozen  for 

0  months 

oO'y  loss  of  activ 

ity 

DISCUSSIOX 

In  the  studies  given  above  a  procedure  is  described  which  permits  an 
as.say  of  ACTH  .secretion  under  as  phy.siological  conditions  as  possible.  The 
assay  gives  a  satisfactory  dose-response  curve  as  shown  by  the  data  of 
Figures  1  and  8  for  crude  and  partially  purified  samples  re.spectively.  The 
use  of  trained  animals  circumvents  many  problems  although,  admittedly, 
the  procedure  is  very  time-consuming. 

It  has  been  demonstrated  that  spinal  fluid  contains  a  factor  which  aug¬ 
ments  secretion  of  ACTH,  as  judged  by  the  adrenal  response.  That  this 
factor  is  not  ACTH  it.self  is  indicated  by  the  finding  that  the  factor  does  not 
deplete  adrenal  ascorhie  acid  in  hijpophyseetomized  rats.  The  factor  is  not 
vasopressin  as  judged  by  as.says  on  the  partially  purified  material.  When 
a  total  dose  of  200  gg  of  the  partially  purified  material-containing  a  total 
concentration  ca  2  milliunits  vasopressin  was  given  by  the  “loop”  an  ACTH 
like  response  was  .seen.  It  is  not  likely  that  this  is  due  to  the  presence  of 
vasopre.ssin,  inasmuch  as  we  have  ob.served  that  after  the  administration 
of  Lg  vasopressiid  by  the  “loop”  in  the  trained  dog,  a  do.se  of  between  2  4 

'  Obtainerf  from  Sandoz  I’liannaccutical.s.  Hanover,  Xi'w  .Iitscv. 
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milliuuits  per  lb.  or  a  total  dose  of  100  -400  tuilliunits  Lg  vasopressin  is  re- 
(juired  to  elicit  an  ACTH  like  effect. 

There  appear  to  be  several  alternative  possiblities  as  to  the  action  of  the 
spinal  fluid  material:  (A)  that  it  acts  as  CKF  (2);  (B)  that  the  factor  may 
influence  the  central  nervous  system  and  stimulate  the  secretion  of  ACTH 
by  the  same  mechanisms  as  other  corticotrophin  influencing  factors  (CIF); 
and  (C)  that  the  factor  acts  as  an  inhibitor  of  a  pituitary  proteinase  thus 
inhibiting  ACTH  destruction. 

We  have  not  presented  adecpiate  data  in  .support  of  the  view  that  the 
factor  is  CRF,  since  no  experiments  have  been  done  in  animals  with  hypo¬ 
thalamic  lesions.  Whether  a  morphine-inhibited  animal  may  substitute  as 
a  test  preparation  for  an  animal  with  distinct,  localized  lesions  in  the  hypo¬ 
thalamus  (0)  is  unknown.  Furthermore,  we  have  not  performed  iti  vitro 
studies  with  partially  purified  material  utilizing  the  standard  CBF  tech- 
nicpie  (2). 

It  is  most  likely  that  the  partially  purified  material  from  human  spinal 
fluid  promotes  secretion  of  ACTH  b>\the  brain  tissues  irrigated  by  the 
carotid  artery,  thus  being  a  CIF.  Such  factors  are  known,  e.g.,  histamine, 
epinephrine,  bacterial  pyrogens,  vasopressin  and  5-hydroxytryptamine,  the 
last  being  also  able  to  stimulate  the  adrenal  cortex  directly  (7,  21).  How¬ 
ever,  if  .such  factors  are  permitted  to  reach  the  target  organs  in  the  central 
nervous  .systeni  directly,  they  may  promote  ACTH  secretion  without 
nece.ssarily  changing  the  general  body  metabolism.  Thus,  in  the  case  of 
va.sopre.ssin  it  has  been  demonstrated  recently  that  this  substance  will 
promote  the  secretion  of  17-OHCS  Avhen  administered  into  the  third  ven¬ 
tricle  of  the  dog  (22).  Ten  times  the  do.se  effective  by  this  route  of  admini.s- 
tration  had  no  effect  on  17-()HCS  secretion  when  given  by  the  leg  vein. 
Our  trained  animal  preparation  permits  an  adecpiate  evaluation  of  cortico¬ 
tropin  influencing  factors,  .since  the  animals  are  not  “stre.s.sed”  in  contrast 
to  animals  subjected  acutely  to  anesthesia  and  surgery,  the  material  in 
(jnestion  (CIF)  can  be  delivered  directly  to  the  tLssues  irrigated  by  the 
carotid  artery,  and  a  dose  difference  between  systemic  stimulation  and 
localized  .stimulation  can  be  establi.shed.  The  mechanism  of  action,  hor- 
monal-or  neurogenic-,  of  CIF  is  not  known.  The  pre.sence  of  such  mate¬ 
rial  in  human  spinal  fluid  may  indicate  that  the  material  may  be  involved 
in  the  secretion  of  ACTH  under  physiological  conditions.  On  the  other 
hand,  this  material  may  also  be  an  excretion  product  in  normal  brain 
metabolism  without  any  phy.siological  significance.  It  is,  however,  of  con- 
.siderable  interest  to  note  that  Shibusawa  et  al.  (2.‘I,  24)  con.sistently  find  a 
thyrotrophic  releasing  factor  in  the  spinal  fluid  of  the  dog.  The  concentra¬ 
tion  of  this  factor  decreased  markedly  in  the  .spinal  fluid  after  lesions  were 
produced  in  the  anterior  hypothalamus  (24).  Thus  active  material  involved 
in  another  function  of  the  anterior  pituitary  gland  is  present  also  in  the 
spinal  fluid. 
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There  is,  at  present,  no  evidence  wliich  indicates  whether  or  not  the 
active  factor  has  any  influence  on  pituitary  proteinase.  The  marked  sensi¬ 
tivity  of  the  active  factor  to  proteolytic  destruction  by  trypsin  and  pepsin 
suggests  tliat  it  is  prol)ably  sensitive  to  other  proteinases  as  well.  The  fact 
that  the  active  factor  promotes  a  rapid  adrenal  response,  detectable  in  1.') 
minutes  and  possibly  in  even  a  shorter  time  period,  also  suggests  an  effect 
on  ACTIl  secretion  rather  than  a  sparing  action. 

The  data  indicate  that  the  crude  material  in  human  spinal  fluid  effecting 
the  central  metabolism  of  ACTH  in  the  dog  probably  is  a  protein  or  a 
polypeptide.  This  is  suggested  by  the  observations  of  inactivation  by  pro¬ 
teolytic  enzymes  and  by  its  thermal  lability.  In  addition,  the  active  ma¬ 
terial  is  not  dialysable  and  it  can  be  sedimented  in  the  ultracentrifuge. 
.Also,  the  active  material  behaves  as  an  ampholyte  with  an  apparent  iso¬ 
electric  point  at  pH  5.4. 
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THE  EFECTS  OF  ANALOGUES  OF  THYROXINE  ON  THE 
GLYCOLYSIS  AND  OXYGEN  UPTAKE  OF  ASCITES 
TUMOR  CELLSi 


ROBERTO  CEREIJO-SANTALO,2  REXALD  DiNELLA,=’ 
CHARLES  R.  PARK  axd  JANE  HARTIN(J  PARK' 

Df/jariment  of  P/if/siologij,  Vanderhill  University,  Xasliville,  Tennessee 
ABSTRACT 

A  numb(T  of  analogues  of  thyroxine  which  stimulate  aerobic  glycolysis  in 
Ehrlich  ascites  tumor  cells  have  been  studied.  The  most  active  compounds  con¬ 
tained  at  least  three  iodine  sul)stituents  and  an  acetic  or  propionic  side  chain 
(triiodothyroacetic  acid,  tetraiodothyroacetic  acid  and  tetraiodothyropropionic 
acid),  .\ctivity  was  greatly  reduced  when  iodine  was  replaced  by  bromine  and 
was  virtualh'  abolished  by  the  presence  bf  amino  or  keto  groups  in  the  side 
chain.  Stimulation  of  aerobic  glycolysis  by  these  compounds  was  observed  only 
with  intact  cells  and  was  associated  with  a  decrease  in  oxygen  consumption. 

The  related  comimund,  2:0  diiodophenol,  was  a  more  potent  stimulant  of 
aerobic  glycolysis  than  the  above  analogues  and  caused  no  depression  of  oxygen 
uptake.  Substitution  in  the  4  position  of  this  compound  reduced  its  activity. 

The  mechanism  of  the.se  various  effects  is  discussed. 

IN  A  previou.'^  .study  it  has  been  reported  that  triiodothyroacetic  acid 
(Triac)  in  vitro  increases  aerobic  glycolysis  and  depresses  oxygen 
consumption  in  Ehrlich  mouse  carcinoma  ascites  tumor  cells  (1,2). 

The  present  work  was  undertaken  with  two  objectives  in  mind.  The  first 
was  to  explore  how  structural  modifications  of  the  Triac  molecule  would 
alter  these  effects.  A  number  of  compounds  were  tested  in  which  the 
halogen  .substituents  and  side  chain  structure  were  varied.  Several  iodin- 
ated  phenols  were  also  tested.  The  second  objective  was  to  study  the 
mechanism  by  which  the  Triac  effects  were  produced.  For  this  purpose, 
intact  and  broken  cell  preparations  were  employed. 

METHODS  AXD  M.\TERIALS 

Intact  Ehrlich  .\scites  tumor  cells  were  obtained  as  previously  described  (1).  The 
measurements  of  glycolysis  and  oxygen  consumption  were  carried  out  by  conventional 
manometric  procedures  using  the  Warburg  .\pparatus. 
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HomoKonates  of  the  ascites  tumor  cells  were  prepared  from  a  50%  suspension  of 
cells  in  a  buffer  containing  0.132  M  KCl,  0.013S  M  XaCl,  0.0042  .M  K..HPO4.  0.00138  M 
MgSO^,  0.018  M  nicotinamide  and  0.0012  M  Xa  ethylenediaminetetraaeetie  acid  (final 
pH  7.3),  by  disrupting  with  a  Servall  Omnimi.xer  at  full  speed  for  3  minutes  at  0°. 
The  homogenate  was  spun  at  (iOOXg  for  10  minutes  at  0°  in  order  to  remove  nuclei, 
debris  and  unbroken  cells  before  testing.  The  mitochomlria  were  obtained  from  this 
supernatant  fraction  by  centrifugation  at  9,000 Xg  for  20  minutes  and  were  washed 
with  buffer  before  the  manometric  measurements.  The  sui)ernatant  fraction  from  the 
9,000  Xg  centrifugation  was  free  of  mitochondria  as  shown  by  the  absence  of  resjuratory 
activity  but  contained  microsomes  and  soluble  enz\  mes. 

Glucose  was  determined  by  the  method  of  Nelson  (3)  and  lactic  acid  according  to 
Barker  and  Summerson  (4). 

Most  of  the  compounds  studied  were  generously  suijplied  by  Dr.  R.  Pitt-Rivers. 
Samples  of  Trlac  and  thyroxine  were  kindly  supplied  by  Smith,  Kline  and  French  Co. 
DPX  and  ATP  were  obtained  from  Pabst  Co.  and  cytochrome  c  from  Sigma  C’hemical 
Co. 


EXPERIMENTAL  RESULTS 

Ejfccts  of  Triac.  The  typical  effects  of  Triac  on  aeroliic  glycolysis  and 
re.spiration  are  shown  in  Figure  1.  The  compound  at  a  concentration  of 
50  jug  per  ml  (8  X  10~®  M)  stimulated  glycolysis  to  200%  of  the  control  rate 
and  inhibited  the  oxygen  consumption  by  50%.  The  effect  on  glycolysis 
was  immediate,  and  the  increa.se  in  CO2  production  remained  linear  with 
time.  The  depression  of  oxygen  con.sumption  was  noted  in  the  first  ten 
minute  reading  and  became  more  pronounced  with  time.  With  Triac  and 


Fig.  1.  HJTeet  of  Trine  on  the  aerohie  gli/eolpsis  nnd  oxygen  eonsumption  of  Ehrlieh 
ascites  tumor  cells,  .\crobic  glycolj-sis  was  measured  in  the  conventional  Warburg  ajipa- 
ratus  in  a  Krebs-Ring(*r  biearbonate  buffer,  pH  7.4,  gassed  with  95%  02  —  5%.  Oxygen 
consumption  was  determined  manoimdrically  in  a  Krebs-Ringer  phosphate  buffer,  pH 
7.4,  in  air.  1  ml  of  a  10%  suspension  of  cells  was  u.sed  in  the.se  experiments.  20  p  moles  of 
glucose  and  100  (0.10  p  moles)  of  Triac  were  jilaced  in  the  side  arm  of  the  ve.ssel. 

.\fter  ten  minutes  equilibration  at  37“  a  zero  time  naiding  was  taken,  and  the  contents 
of  the  side  arm  were  tipped  into  the  cell  susjMMision.  'total  volume  was  2.0  ml. 
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the  other  analogues,  stimulation  of  glycolysis  was  found  to  increase  to  a 
maximum  at  8  X 10“^  to  l.O  X  M  and  then  to  decline  as  the  concentra¬ 
tion  was  raised  further  (1). 

The  measurements  of  glucose  disappearance  and  lactic  acid  formation 
are  compared  with  CO2  production  as  shown  in  Table  1.  The  values  for 
glucose  disappearance  and  lactic  acid  formation  are  in  the  appropriate 
range  to  indicate  that  the  major  portion  of  the  glucose  is  utilized  through 
the  glycolytic  pathway.  The  lactic  acid  formation  is  somewhat  lower  than 
the  CO2  production  due  probably  to  the  release  of  hydrogen  ions  from  a 
variety  of  metabolic  products.  It  should  be  noted  that  with  Triac  the 
percent  stimulation  of  COo  production  corresponds  to  the  percent  increase 
in  lactic  acid  formation.  The  percent  stimulation  is  low  in  this  experiment 

Table  1.  The  correlation  between  increased  C0>  proui  ction 

AND  LACTIC  ACID  FORMATION 

Till*  experimental  euiiditioiis  for  measuring  COj  production  were  the  same  as  described 
in  Pigure  i.  The  manometric  measurements  were  made  over  a  period  of  ninety  minutes.  The 
glucose  (3)  and  lactic  acid  (4)  determinations  were  carried  out  on  suitable  aliipiots  at  the  end 
of  the  manometric  run.  » 


Experiimuitiil  conditionti  ! 

Ciluco.«ie  ujitakc 
fi  moles 

COj  iiroduction  ’ 
li  mole.s 

Lactic  acid 
/I  moles 

Control 

11.3 

2.5,0 

17 .5 

Triac  (IX  M) 

!  18. « 

!  42.8 

32.0 

as  the  time  for  manometric  measurements  was  increased  to  give  suitable 
values  for  the  chemical  determinations. 

Ejfcct  of  structural  modification  on  Triac  activity.  The  effects  of  structural 
modifications  on  the  above  activities  are  shown  in  Table  2. 

1)  Halogen  substitution.  The  most  active  analogue  was  Triac  which 
increased  aerobic  glycoly.sis  to  19.5%  of  the  control  rate  and  depressed 
oxygen  consumption  to  GO  percent.  With  only  2  iodine  atoms  in  the 
molecule,  the  analog  3:.5  diiodothyroacetic  acid  was  virtually  inactive 
towards  aerobic  glycolysis,  but  still  had  a  considerable  effect  on  ox\'gen 
consumption.  A\'hen  bromide  was  substituted  for  iodine  (tribromothyro- 
acetic  acid),  there  was  only  a  4.5%  stimulation  of  aerobic  glycoly.sis.  When 
one  of  the.se  bromines  was  replaced  by  iodine  there  was  no  change  in 
activity,  but  when  two  iodines  and  one  bromine  atom  were  present  (8;.5 
diiodo-.8'-bromothyroacetic  acid)  the  activity  toward  glycoly.sis  was  in¬ 
creased. 

2)  Side  chain  substitution.  The  effect  of  side  chain  substitution  was 
studied  using  a  group  of  tetraiodo-substituted  analogues.  The  activities  of 
the  tetraiodothyroacetic-  and  propionic-acids  on  aerobic  glycolysis  were  the 
same  as  those  of  Triac.  However,  with  a  three  carbon  side  chain  the  pres¬ 
ence  of  an  amino  group  (thyroxine),  an  X-acylate<l  derivative  (X-propionyl 
thyroxine)  or  a  carbonyl  group  (tetraiodothyropyruvic  acid)  in  the  side 
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Tabi.k  2.  Thk  kffkct  of  stkicti  kai,  modificatioxs  of  Tkiac  ox  tuf;  af;kobic 

CLYCOI-YSIS  AXI)  0XY<:F;X  COXSl'MPTIOX  OF  ElIKMCIi  Tf.MOK  CFlI.l-S 


The  experimental  eomlitions  were  the  same  as  in  Figure  1.  The  concentrations  of  the  vari¬ 
ous  derivatives  are  given  in  the  table.  The  calculations  are  based  on  an  interval  of  (it)  minutes. 


C'oncentration* 

.\erobic 

glv<-olvsis 

■  %  of 

( )xygen 
consum|)- 
tion  %  of 

('ompouml 

Halogen  coiitcmt 

mk/ 

Molarity 

ml. 

control 

control 

Triiodothvroacctic  .\cid 

a  I  1 

50 

8X  10-‘ 

105 

00 

:{ :.5- 1  fiiodothvroacctic 

2  I 

50  ; 

1  xio-^ 

118 

70 

.\cid 

Tribromuthvroacctic 

a  Hr 

.it)  ' 

0.8X10 

145 

00-50 

.\cid 

a  :.5-l)ibr()mo-:V-lod()- 

1  14-2  Hr 

.50 

8.0X10-5 

145 

00-50 

thyroacetic  .Xcid 

1} :  5- 1  )iioilo-a Hro  m<  >- 

2  1  -b  Hr 

50 

8.:ixio~^ 

100 

70 

thyroacetic  .Vcid 

Side  chain 
substitution 

'rctraiodothvropropionic 

('Hof'HoCOOlI 

.50 

0.5X10-5 

100 

00.50 

Acid 

Tctraiodotlnroacctic 

(’ll  .Ct  H)ll 

.50 

0.7X  10-5 

lOlt 

•Vcid 

Thyroxine 

Xlli 

.50 

0.4X10-5 

100 

80 

—  (’II.CHCooH 

'retraiodothvroi)vruvic 

(> 

.50 

0.4  X  10-5 

120-1  at) 

_ 

.\cid 

— direct  )()ii 

X-I*ropioiiyl  Thyroxine 

11 X  ('OCll.CHL 

.50 

0. OX  10-5 

120 

00-50 

CHodlCOOll 

lodinated  ph(U)ols 

2:()-l)iio(h)phenol 

.50 

1  .4X  lO-' 

210 

j  100 

100 

2.8X10-^ 

2a8 

1  ()0 

a :  5- 1  )iiodo-4-hy  droxy- 
phenvlacetic  .\cid 

j 

;  .50 

i  1.2X10-' 

lao 

!  '** 

i 

1  )iiodotvrosine 

.50 

1  1  . 1  XKd 

1  100 

85 

X-I’ropionyldiio<lotyro- 

.50 

I  1  .  1  X  10-^ 

1  100 

1  100 

siiio 

' 

*  The  exact  concentrations  of  thyroxine,  tetraiodothyropyruvic  acid  and  X-i)ropionyl 
thyroxine  in  solution  during  the  course  of  an  exp»‘riment  were  difficult  to  dcdermine  owing  to 
the  limited  solubility  of  these  compounds.  'I'his  was  especially  tru(‘  in  the  case  of  the  pyruvic 
acid  analogue. 

t  These  data  are  from  previously  reporte<l  exp(‘riments  (1)  and  were  not  correcte<l  for 
oxygen  consum])tion. 


chain  }»;featly  reduced  tiie  activity.  It  can  he  seen  tliat  hot  It  thyroxine  and 
the  X-propionyl  derivative  inliihited  oxygen  consumption. 

I'Xperiments  carried  out  witli  commercial  samples  of  thyroxine  of  un¬ 
known  purity  often  showed  a  stimulatory  effect  on  aerobic  glycoly.sis, 
prohaltly  due  to  contaminating  material.  .Maley  tind  Lardy  liave  also 
obtained  variable  results  using  different  samples  of  thyroxine  (o).  Perhaps 
impurities  in  thyroxine  preparations  may  also  account  for  the  slight  stimu¬ 
latory  effect  on  aerobic  glycolysis  ob.served  by  Barker  and  Lewis  (b). 
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Higher  concentrations  (200  /xg  ml.)  of  recrvstallizeil  thyroxine  produced  no 
stimulation  of  aerobic  glycolysis  but  increased  the  inhibition  of  oxygen 
uptake  to  about  :^0  percent  of  the  control  rate. 

:i)  lodinatcd  phenols.  It  was  thought  of  interest  to  study  the  effects  of 
dilTerent  moieties  of  .some  of  the  iodothyronine  analogues  in  order  to 
determine  if  possible  which  part  of  the  molecule  was  exerting  the  effect. 
.Vccordingly  2  :()-diiodophenol,  3 : 5-diiodo-4-hydroxy phenylacetic  acid  and 
diiodotyro.sine  were  tested.  2 :6-diiodophenol  Avas  the  most  active  com¬ 
pound  in  stimulating  aerobic  glycolysis  but  had  no  effect  on  respiration  at  a 
concentration  of  oO  gg  ml.  This  compound  was  the  exception  to  the  finding 
that  increased  glycolysis  was  related  to  a  decrease  in  oxygen  consumption. 
However,  100  gg/ml.  of  2 : 6-diiodophenol  did  cause  some  depres.sion  in 
oxygen  consumption,  and  the  rate  of  glycolysis  increased  to  238%  of  the 
contiol.  3 :  o-Diiodo-4-hydroxy phenylacetic  acid  had  little  effect  on  glycoly¬ 
sis  at  oO  and  100  gg/ml.  At  a  concentration  of  250  gg/ml.  the  rate  was 
100%  of  the  control.  Diiodotyrosine  and  its  N-propionyl  derivative  were 
inactive  in  this  test  at  concentrations  as  high  as  200  gg/ml.  and  100  gg/ml. 
respectively.  3:5  Diiodo-4-hydroxyphenyl  acetic  acid  and  diiodotyrosine 
did  however  depress  oxygen  consumption  to  some  extent. 

Effect  of  Triac  on  anaerobic  glycolysis.  In  order  to  see  if  the  stimulatory 
effect  of  Triac  on  aerobic  glycolysis  could  be  separated  from  the  depression 
of  oxygen  uptake,  the  substance  was  added  to  intact  cells  under  anaerobic 
eonditions.  Concentrations  from  1  X  10~^  to  1 X  10~“  M  were  inactive 
anaerobically.  Higher  concentrations,  which  were  stimulatory  aerobically, 
w(*re  now  inhibitory  (Fig.  2).  .\  similar  result  was  obtained  in  another 
experiment  in  which  the  Triac  effect  on  aerobic  glycolysis  was  examined  in 
the  presence  of  .01  ]M  azide. 

Triac  effects  in  cell  fractions.  When  tested  in  a  cell  free  homogenate, 
Triac  exert e<l  an  inhibitory  effect  on  both  aerobic  and  anaerobic  glycolysis 
(Table  3).  Oxygen  uptake  and  gluco.se  utilization  were  also  depressed.  It 


MINUTES 


Fks.  2.  Hjh'ct  of  Triac  on  the  anaerobic 
gl !/col of  Ehrlich  a.9cite.s  tumor  cells.  TliP 
i'.\p»*rim('ntal  conditions  were  the  same  as 
in  Fignn*  1  c.xecpt  that  the  gas  j)hase  was 
95%  Xj  — 5%  CO2.  1  ml  of  a  7%  sus- 
))cnsion  of  colls  was  used  in  this  experi¬ 
ment. 
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Table  :L  The  effect  of  Tkiac  ox  various  fractioxs  of  ascites  tumor  cells 

The  fractions  were  iirepared  as  deserihed  in  the  methods.  Tlie  siiiiernatant  fraction  and 
initoehondria  were  not  obtained  from  tlie  same  liateh  of  eidls  as  the  homogenate.  The  eorres- 
pondenee  iietween  tlie  aerobic  glycolysis  of  the  homogenate  on  the  first  line  and  the  recon¬ 
stituted  homogenate  on  the  last  line  is  coincidental.  Each  Warburg  vi'ssel  eontaineil  I  ^ 
mole  of  ATP  and  1  #1  mole  of  DPN.  The  manometric  ])roce<liires  were  carried  out  as  described 
in  Figure  1.  Temjierature,  28°.  The  C'O-  (‘volution  was  followed  for  41)  minutes  in  the  ease  of 
till'  homogenate  and  .it)  minute's  in  the  e.xperiments  with  suiiernatant  fraction  and  mito¬ 
chondria. 


Experimental 

Triac  concentration  1 

U()..  1 

()..  ! 

( ducose 

Cell  fraction  | 

liroduction 
n  Liti'rs 

uptake 
(1  Liter.s 

utilisation 
ft  Moles 

conditions 

MK/nil. 

Molarit.v 

0 

207 

42 

0.0 

Honiogcnatc 

.\erobic 

(> 

1  xio-s 

101 

:io 

5 .2 

(i2 

1  X10-* 

1H4 

17 

4.0 

124 

2X10-' 

1 1.') 

■ 

4 .  () 

0 

108 

0.7 

IIomog(‘nut(‘ 

.\naerobic 

(> 

1  X10-® 

l.Vl 

.■) .  4 

t'.2 

1  xio-' 

iia 

■).  1 

124 

2X10-< 

87 

4.  a 

0 

1 18 

Su|)(*rnatant 

.\erobic 

*') 

1  X  10-6 

00 

()2 

1  xio-^ 

41 

124 

2X10-' 

17 

•Mitochondria 

.\erobic 

0 

0 

Ui'constitutcd 

0 

200 

1 

Homogenate 

.-terobic- 

!  () 

1  X  10-6 

loa 

1 

(Supernatant 

1 

()2 

1  xio-^ 

1  124 

-|- mitochondria) 

124 

,  2X10-^ 

1 

1 

sltoukl  be  noted  that  the  rate  of  glycolysis  in  ascites  cell  homogenate  is  not 
affected  by  the  presence  of  oxygen  (7).  Aerobic  glycolysis  was  similarly 
inhibited  by  Triac  in  a  mitochondrion  free  supernatant  fraction  and  in  a 
homogenate  reconstituted  from  supernatant  fraction  plus  mitochondria.  It 
can  be  seen  that  the  addition  of  mitochondria  to  the  supernatant  fraction 
greatly  increased  the  rate  of  glycolysis.  This  was  presumably  due  to  the 
addition  of  hexokinase  which  is  localized  in  the  particulate  fraction  to  a 
large  extent  (7). 

DISCUSSION 

A  stimulation  of  aerobic  glycolysis  may  arise  from  interference  with 
cellular  metabolism  at  a  variety  of  sites.  It  is  therefore  possible  that  the 
present  group  of  active  compounds  may  not  have  common  points  of  action 
although  their  activities  appear  qualitatively  .similar.  Any  conclusions, 
therefore,  regarding  the  relationship  of  structure  to  activity  must  be 
tentative.  If  the  assumption  is  made,  however,  that  these  compounds  do 
indeed  have  common  points  of  action  the  following  generalizations  may  be 
suggested. 

Iodine  in  the  phenyl  rings  gives  rise  to  more  activity  than  bromine. 
Three  or  four  iodine  .substituents  in  the  thyroxine  analogues  are  reipured 
for  maximal  .stimulation  of  aerobic  glycolysis. 
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The  most  active  stimulant  of  aerobic  glycolysis  is  2  :(>-(liio(lophenol. 
This  suggests  that  the  principal  activity  resides  in  this  moiety  of  the  other 
compounds  tested.  Substitution  of  groups  in  the  4  position  of  diiodophenol 
reduces  its  activity.  When  this  substitution  involves  a  grouping  similar  to 
the  parent  phenol,  as  in  the  compounds  tetraiodothyropropionic  acid  and 
tetraiodothyroacetic  acid,  the  reduction  in  activity  is  minimal.  Perhaps 
this  is  because  the  substituting  group  letains  some  diiodophenol-like 
activity.  This  is  suggested  by  the  fact  that  3 ro-diiodo-d-lu’droxyphenyl- 
acetic  acid,  ^vhich  is  the  substituted  group  on  tetraiodothyroacetic  acid, 
has  activity  of  its  own.  It  would  appear,  however,  that  when  the  substitut¬ 
ing  phenolic  constituent  contains  an  amino  or  carbonyl  group  as  in  thy¬ 
roxine,  X-propionylthroxine  and  tetraiodothyropyruvic  acid,  activity  is 
almost  completely  lost.  The  same  pattern  is  observed  when  an  aliphatic 
side  chain  is  substituted  directly  on  the  2:0  diiodophenol,  i.e.,  diiodotyro- 
sine  and  N-propionyl-diiodotyrosine. 

With  regard  to  the  mechanism  of  the  Triac  effects,  the  study  of  broken 
cell  preparations  indicates  that  the  copipound  may  have  at  least  2  points 
of  action  since  it  inhibits  both  the  glycolytic  pathway  and  mitochondrial 
oxidation.  What  step  or  steps  in  glycolysis  are  blocked  has  not  been  deter¬ 
mined  except  that  these  are  below  the  phosphofructokinase  level  since 
inhibition  is  observed  with  fructose-1, (i-diphosphate  as  substrate.  Wolff 
and  Wolff  (8)  have  found  an  inhibitory  effect  of  Triac  on  soluble  dehydro¬ 
genases  suggesting  that  the  triosephosphate  and  lactic  dehydrogenase 
reactions  may  l)e  involved.  With  regard  to  iidiibition  of  oxygen  uptake  in 
the  mitochondria,  it  would  be  expected  that  this  activity  would  be  associ¬ 
ated  with  some  inhibition  of  oxidative  phosphorylation,  since  this  has  been 
demonstrated  in  mitochondria  of  other  tissues  (9,  10). 

It  appears  possible  to  account  for  the  stimulation  of  aerobic  glycolysis 
by  the  analogues  in  the  intact  cells  as  follows.  The  compounds  may  be 
postulated  to  have  a  preponderant  activity  on  the  mitochondrial  system, 
which  by  inhibition  of  oxygen  uptake  gives  rise  to  increased  glycolysis  by 
mechanisms  involved  in  the  well  known  Pasteur  l']ffect.  These  mechanisms 
have  recently  been  discussed  by  Chance  (11),  Lynen  ct  al.  (11),  and  Hacker 
and  Wu  (11).  This  increase  in  glycolysis  occurs  despite  concurrent  inhibi¬ 
tion  of  some  step  or  steps  in  the  glycolytic  pathway.  This  latent  inhibition 
can  be  shown  by  raising  the  Triac  concentration  until  it  eventually  inhibits 
glycolysis  even  under  aerobic  conditions.  The  inhibition  is  also  revealed  by 
incubation  of  whole  cells  under  anaerobic  conditions  were  the  only  effect  of 
Triac  is  to  reduce  slightly  the  production  of  CO2.  The  greater  effectiveness 
of  diiodophenol  as  a  stimulant  of  glycolysis  may  depend  on  its  particular 
potency  as  an  uncoupler  of  oxidative  phosphorylation  or  on  its  lesser 
potency  as  an  inhibitor  of  the  glycolytic  pathway.  The  effects  of  diiodo¬ 
phenol  reseml)le  those  of  dinitrophenol  v.hich  produces  the  greatest  stimu¬ 
lation  observed  thus  far  (1).  Thus  the  lack  of  a  direct  relationship  between 
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stimulation  of  aerobic*  glycolysis  and  inhibition  of  oxygen  consumption  can 
be  readily  understood  in  all  cases  if  the  final  effect  on  glycolysis  is  con¬ 
sidered  as  the  resultant  of  effects  on  two  pathways. 
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AX  EXIXK’RINP:  MEC'HAXISM  involved  in  TESTK’- 
ULAR  CHANGES  PR()DU(^ED  BY  A  DL-ETHIONINE 
SUPPLEMENTED  DIET:  A  STUDY  OF 
MORPHOLOGIC  CHANGES  AND 
ENDOCRINE  DYSFUNCTION' 

GIL  M.  GOLDBERG, 2  SARA  GOLDBERG  and  JAY  J.  GOLD 

Ihpnrtment  for  Research  in  Human  Reproduction, 

Michael  Reese  Hospital.  Chicago,  Illinois 

ABSTRAC'T 

The  (‘lulocTiiu'-niorplioloKical  relationsliip  in  testicular  lesions  of  rats  treatc'd 
with  ethionine  and  testosterone  was  investigated.  This  was  done  through  in¬ 
direct  evaluation  of  the  androgenic  activity  by  the  estimation  of  urinary  17-KS 
excretion.  ' 

It  has  been  found  that  small  and  large  doses  of  testosterone  (12  days  of 
treatment)  prevent  histologic  testicular  changes  due  to  ethionine.  However 
small  doses  of  testosterone  given  over  a  longer  period  (24  days)  did  not  i)revent 
ethionine-induced  testicular  histologic  changes.  Large  doses  of  testosterone 
did  not  prevent  damage  to  spermatogenesis  during  continuous  ethionine  admin¬ 
istration,  huf  did  prevent  Leydig  cell  hyperplasia.  Ethionine  alone  stopped 
sjjermatogenesis,  and  induced  Leydig  cell  hyperplasia.  Ley<lig  cell  hyperplasia 
therefore  may  have  been  compensatory. 

Ethionine  treatment  decreased  the  excretion  of  17-KS  prior  to  the  appear¬ 
ance  of  any  testicular  morphological  changes.  Therefore  ethionine  presumably 
affected  the  androgenic  activity  directly  if  17-KS  excretion  maj-  be  used  as  an 
index  of  androgenic  activity.  Intraperitoneal  (I.P.)  administration  of  ethionine 
diminished  the  17-KS  excretion  by  two  thirds.  Since  I.P.  ethionine  diminished 
in  12  days  the  excretion  of  17-KS  in  the  absence  of  histologic  testicular  changes 
and  was  followed  by  an  increase  in  the  excretion  of  17-KS  a.s.sociated  with 
Leydig  cell  hyjjerplasia  after  24  days,  this  would  suggest  that  functional  changes 
precede  histologic  changes. 

Morphological  liver  ehanges  were  demonstrable  within  24  days  after  initiating 
oral  ethionine  therapy  but  not  after  I.P.  ethionine.  Gastrointe.stinal  versus 
systemic  absorption  of  the  administered  ethionine  may  be  a  factor. 

Finally,  it  may  be  concluded  that  an  endocrine-morphological  relationship 
exists  in  the  pathogenetic  effect  of  ethionine  on  testicular  changes  observed  in 
albino  rats. 

IN  1948  Hardwick  (1)  demonstrated  a  lipotropic  action  in  the  liver  of 
female  rats  injected  with  d/-ethionine  comparable  to  the  action  of 
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diethyl  choline.  This  was  corroborated  by  many  authors  (2-6),  some  of 
whom  stressed  the  fact  that  fatty  infiltration  of  the  liver  occurred  only  in 
female  rats.  A  .sex  difference  in  the  nephrotoxic  action  of  ethionine  was 
also  noted.  It  was  observed  that  more  kidney  damage  was  produced  in  the 
male  than  in  the  female  rats  (7). 

In  1952,  it  was  reported  (6,  S)  that  after  male  rats  were  castrated  and 
treated  with  ethionine  they  developed  fatty  livers,  whereas  tho.se  that  were 
castrated  and  treated  witli  pellets  of  tesosterone  did  not  develop  these 
changes.  Thus  for  the  first  time  an  endocrine  factor  was  shown  to  be  in¬ 
volved.  More  recent  studies  (9,  10)  of  testicular  damage  in  albino  rats  led 
to  the  a.ssumption  that  ethionine  action  may  be  directly  upon  the  testis. 
The  action  of  ethionine  was  thought  to  be  comparable  to  that  n'ported  in 
many  studies  on  the  influence  of  diets  deficient  in  essential  amino  acids 
(plienylalanine,  theronine,  histidine,  leucine,  tryptopharu' and  methionine). 

It  has  been  found  repeatedly  that  ethionine  has  a  damaging  effect  on  the 
parenchyma  of  the  liver,  l)eginning,  in  female  rats  and  castrated  males, 
with  fatty  infiltration  and  terminating  in  an  extensive  fibro.sis  (11)  (intra¬ 
lobular  hepatic  type).  Idle  duct  proliferations  (12),  and  the  formation  of 
hepatomas  (13)  and  carcinomas  (14).  The  interrelated  changes  in  the  liver 
and  the  testis  already  have  been  treated  thoroughly  in  the  literature  (15, 
16).  Moreover,  certain  .sex  differences  in  regard  to  changes  induced  in  the 
livers  of  rats  submitted  to  etliionine  treatment,  have  also  been  noted  re¬ 
cently  (17,  18). 

Previous  morphological  .studies  have  demon.strated  that  the  damaging 
effect  of  ethionine  on  the  testicles  of  rats  (19,  20)  may  be  due  to  an  endo¬ 
crine  mechanism.  The  question  now  arises  whether  the  changes  noted  in 
the  te.sticles  repre.sented  a  direct  ethionine  action  on  .sources  of  androgen 
production  with  .subsequent  morphologic  changes  in  the  te.sticle,  or  whether 
the  changes  in  the  testicles  were  secondary  to  estrogen  increase  due  to  lack 
of  e.strogen  inactivation  by  an  ethionine  damaged  liver. 

It  is  within  the  scope  of  this  study  to  report  only  the  endocrinomorpho- 
logical  relationship  in  ethionine  treated  male  rats  through  the  evaluation 
of  two  parameters:  (1)  testicular  histology  and  (2)  androgen  production 
as  indicated  by  the  urinary  excretion  of  17-ketosteroids  (17-KS). 

MATERIAL  AXD  METHOD 

.Vlbino  malo  rats  (Spragiu'-Dawloy)  wen*  used.  Each  rat  wci^licd  approximately  120 
gm.  at  the  beginninfj;  of  the  (*xp«‘riment.  The  rats  were  fed  ad  libitum  on  a  diet  of  Purina 
lab  chow  except  for  one  restricted  diet  f!:roup.  'I'estosterone  was  ust‘d  as  a  control  to  check 
on  the  rate  of  17-KS  excretion  of  the  animals  as  well  as  its  antagonistic  effects  to  dl- 
ethionine.®  Xine  groups  of  rats,  each  group  comprising  six  animals,  and  one  group  com¬ 
prising  three  animals,  were  used.  These  groui)s  wen*  treated  as  shown  in  Table  1. 

Ethionine  was  administered  in  two  mo<les:  either  orally  in  0.5%  drinking  water  solu- 
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tion,  or  in  an  intrapcritonoal  oO  ms.  daily  injection.  Tcstostcroin'^  was  injected  intra- 
l)eiitoneaUy  twice  weekly  in  a  dosage  of  0.5  niK-  or  25  ms.  In  order  to  check  on  the  tes¬ 
tosterone  vehicle,  cotton  set'd  oil,^  two  }!:rou))s  were  use<l  as  controls.  Urine  was  pooled 
daily  from  each  of  the  f^roups  for  evaluation  of  1 7- Kfi  according  to  the  Holtorff-Koch 
(21)  modification  of  the  Zimmerman  ri'action.  Accordiiifj  to  the  technic  used,  androster- 
one  Kav(*  a  n'covery  of  85-95%. 

On  the  12th  day  of  the  exix'riment,  a  unilateral  orchiectomy  was  pt>rformed  on  all  the 
f!;roui)s.  Th(‘  aiiimals  w*‘re  sacrificed  on  the  24th  day  and  the  tissues,  fixed  in  formalin, 
were  submitted  to  hi.stoloKical  processinj^  and  morphological  evaluation.  The  morpho¬ 
logical  findings  in  the  ti'sticles  were  ('valuated  by  a  scheme  (Fig.  1)  in  which  a  normal 
seminiferous  tubular  epithelium  was  graded  (+),  a  deficient  seminiferous  epithelium 
(4 — ),  and  a  totally  destroyed  seminiferous  tubular  epithelium  (  — ).  The  degree  of 
hyix'iplasia  of  Leydig  cells  in  tin*  interstitial  tissues  of  the  tc'stich*  was  gradefl  between 
(-b)  to  (  +  +  +  +)•  Efforts  were  mad<‘  ot  n-lab*  testicular  imtrphological  changes  to  an- 
drogt'iuc  activity  by  the  estimation  of  1 7-KS  in  tlu^  first  12  days  of  the  expc'riment  and  the 
last  12  days  of  the  experiment.  The  morphology  of  the  testicles  on  the  12th  and  24th  day 
w(‘r(‘  consich'red  to  correspond  to  the  summation  of  experimental  conditions  existing  dur¬ 
ing  the  1st  to  the  12th  day,  and  the  13th  to  the  24th  day. 

UESULTS 

Morphological  Testicular  Changes  and  Their  Relation  to  J7-KS  Excretion 

No  Leydig  cell  hyperplasia  or  tubular  epithelium  damaging  effect  could 
be  demonstrated  in  the  untreated  controls  ((iroup  A,  Table  1)  on  either  the 
12th  or  the  24th  day.  The  liver  and  pancreas,  also  were  intact  and  of  nor- 

*  Testosterone  propionate  as  well  as  its  cotton  seed  oil  vehicle  was  supplied  through 
the  courtesy  of  the  Upjohn  Company,  Kalamazoo,  .Michigan. 
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Fig.  1.  Kvaluativo  sclu'inc  for  Lcydi^  (■ells  (upper)  and  seminiferous  epithelium  (lower). 

inal  ])attern.  (Irouj)  B,  (Table  1),  receiviiif^  oral  ().o%  etliioiiine  demon¬ 
strated  a  LeydiK  cell  hyperplasia  {jrade  (-1-+)  as  a  mean  effect  and  a 
tubular  epithelium  damaging  effect  graded  at  (H — )  on  the  12th  day.  On 
the  24th  day,  Leydig  cell  hyperplasia  had  reached  a  mean  effect  of  (4-  +  +) 
and  at  the  same  time  the  tubular  epithelium  was  totally  destroyed  (Orade 
(-)). 

Keeping  these  histological  changes  in  mind  the  altered  excretion  of  17-KS 
in  ethionine-treated  rats  (Curye  B,  Fig.  2)  may  be  compared  to  that  of  the 
control  group  (Curye  A,  Fig.  2).  One  can  note  a  decreased  excretion  of 
17-KS  throughout  the  ethionine  experimental  period.  The  administration 
of  intraperitoneal  ethionine  (Oroup  (1)  (Curye  (1,  Fig.  2)  produced  an 
eyen  greater  effect  on  decreasing  urinary  17-KS  excretion  in  the  first  12 
days.  Howeyer,  intraperitoneal  (assuring  controlled  administration)  ethio¬ 
nine  administration  differed  from  the  oral  route  in  that  there  was  a  con¬ 
sistent  rise  in  the  excretion  of  17-KS  after  the  first  12  days  although  still 
less  than  the  control  mean  daily  output.  When  the  corresponding  histo¬ 
logical  changes  (Croup  C,  Table  1)  were  examined,  yery  mild  Leydig  cell 
hyperplasia  and  tubular  epithelium  <lamage  were  apparent  on  the  12th  day 
of  the  experiment.  This  corresponded  to  the  time  when  the  excretion  of 
17-KS  was  yery  low.  Howeyer,  during  the  second  12  days  of  the  experi¬ 
ment  when  the  17-KS  excretion  rose,  examination  of  the  testicles  at  the 
end  of  this  period  (on  the  24th  day),  showed  a  yery  seyere  Leydig  cell 
hyperplasia  and  the  tubular  epithelium  damage  was  at  its  maximum. 
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Fig.  2.  IJ-kctostiToiil  oxcrction  in  (Iroups  A  (control),  li  (oral 
cthiouiiic)  and  (r  (intrapcritoncal  cthioninc). 


Furthermore  there  wa.s  no  change  in  liver  morphology  after  intraperitoneal 
ethionine  administration,  whereas  changes  were  observed  in  the  liver  after 
oral  ethionine  ((Iroup  B,  Table  1). 

Testosterone  Effects  on  Ethionine  Indneed  Morphological  Changes 

Several  experiments  were  undertaken  in  order  to  evaluate  the  effect  of 
exogenous  testosterone  on  ethionine-treated  rats.  Table  1  (Group  I)) 
demonstrates  that  no  changes  in  the  testicles  were  observed  by  the  12th 
day  in  rats  receiving  O.o  mg.  testosterone  twice  weekly.  However,  this 
protective  effect  on  the  12th  day  did  not  persist  to  the  24th  day  when 
Leydig  cell  hyperplasia  was  pre.sent  and  the  seminiferous  tubular  epithe¬ 
lium  was  damaged.  When  the  do.se  of  testosterone  was  increased  to  2o 
mg.  twice  weekly  (Group  H,  Table  1)  the  .same  protective  effect  on  sper¬ 
matogenesis  as  with  the  O.o  mg.  testosterone  do.sage  (Group  I),  Table  1) 
was  noted  on  the  12th  day.  Although  there  were  .severe  changes  in  the 
.seminiferous  tubular  epithelium  on  the  24th  day,  the  Leydig  cell  hyper¬ 
plasia  was  not  apparent.  The  rate  of  excretion  of  17-KS  in  the.se  two  groups 
can  be  compared  in  Figure  3.  Curve  I)  represents  the  rate  of  17-KS  excre¬ 
tion  after  a  dose  of  O.o  mg.  of  testosterone  administered  twice  weekly. 
During  the  first  12  days  of  the  experiment  the  rate  of  17-KS  excretion  was 
quite  low,  but  during  the  second  half  of  the  experiment  it  .started  to  rise. 
However,  when  2o  mg.  of  testosterone  was  administered  twice  weekly  the 
rate  of  excretion  of  17-KS  was  relatively  even  and  uniform  (Curve  H). 
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FlU.  :J.  1 7-k(‘t()st(“r()i(l  (“xcrotion  in  Oroiips  A  (Control),  I)  (0.5  inn.  to.'^tostoroin' 
plus  (‘thioniiu')  and  II — (25  inn.  trstostcrono  i)lus  ('thioniiu'). 

Histologically,  the  Leydig  cells  demonstrated  no  hyperplasia  at  any  time 
in  this  group  (Group  H,  Tal)le  1). 

In  contrast  to  the  above  it  can  be  ob.served  from  the  histological  findings 
(Table  1)  that  the  various  control  medications  such  as  testosterone  (Group 
C,  and  I)  and  cotton  seed  oil  (Group  F)  did  not  exert  any  effect  on  the 
histology  of  the  testicle  when  administered  singly  to  rats.  Furthermore, 
cotton  seed  oil  did  not  exert  any  protective  testicular  effect  in  ethionine- 
treated  rats  (Group  E). 

Within  the  first  12  days  of  the  .study  it  can  be  noted  from  the  mean 
17-KS  excretion  values  (Table  2)  that  the  administration  of  ethionine 
orally  (Groups  B,  10,  11)  was  not  as  effective'  as  I.P.  administration  in  de- 
cn'a.sing  17-KS  excrc'tion  (Group  G).  The  se'ven*  decline'  in  the'  me'an  17-KS 
e'xcre'tion  value  .se'e'U  in  Grenip  1)  eluring  the'  first  12  elays  e)f  the'  e'xperime'nt 
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appeared  due  to  an  etliionine  effect  not  accompanied  l)y  Leytli}?  cell  hyper- 
pla.sia.  This  decline  in  17-KS  excretion  was  reversed  in  the  second  12  days. 
Clroup  .1  demonstrates  the  effect  of  0  consecutive  doses  of  oO  mg.  testo¬ 
sterone  each,  on  the  rate  of  17-KS  excretion  in  the  intact  animals. 

DISCUSSION' 

Testosterone  propionate  administered  for  12  days  to  (//-ethionine-t rented 
rats  in  a  O.o  mg.  dose  injected  intraperitoneally,  was  found  to  counteract 
the  damaging  effect  of  d/-ethionine  on  the  seminiferous  epithelium.  The 
establishment  of  this  protective  effect  is  further  substantiated  by  the  lack 
of  hyperplasia  of  Leydig  cells.  Such  hyperplasia  is  thought  to  be  compen¬ 
satory  in  the  presence  of  damage  to  the  .seminiferous  epithelium.  However, 
in  view  of  the  fact  that  there  was  a  severe  decline  of  17-KS  excretion, 
de.spite  the  ab.sence  of  morphological  testicular  changes  on  the  12th  day, 
one  can  conclude:  (1)  that  etliionine  has  a  direct  effect  on  androgen  produc¬ 
tion,  and  (2)  that  functional  changes  may  precede  morphological  changes. 

When  testosterone  propionate  was  itdministered  intraperitoneally  to 
(//-etliionine  treated  rats,  in  a  do.se  of  25  mg.  daily  ((Iroup  II)  it  also  had  a 
total  protective  effect  on  the  .seminiferous  epithelium  on  the  12th  day  with 
no  hyperplasia  of  Leydig  cells.  However,  the  fact  that  the  17-KS  were  not 
depressed,  would  suggest  that  the  exogenous  testosterone  was  administered 
in  .sufficient  amounts  (25  mg.)  to  counteract  the  etliionine  depres.sive  effect 
on  17-KS  excretion  observed  in  (Iroup  1)  where  only  0.5  mg.  testosterone 
was  administered.  This  is  further  substantiated  by  continued  lack  of 
Leydig  cell  hyperplasia  in  this  group  (H)  on  the  24th  day.  That  the  semi¬ 
niferous  tubular  epithelium  was  totally  destroyed  on  the  24th  day  de.spite 
a  25  mg.  dose  of  exogenous  testo.sterone,  suggests  that  the  exogenous  te.s- 
tosterone  had  only  a  limited  protective  effect. 

When  testosterone  was  administered  alone  for  24  days  in  a  dose  of  0.5 
or  25  mg.  to  normal  rats,  intraperitoneally  twice  weekly,  .spermatogenesis 
and  the  pattern  of  Leydig  cells  were  not  affected  adversely.  The  larger 
dose  of  testosterone  appeared  to  be  of  sufficient  (luantity  to  maintain  an 
even  level  of  daily  17-KS  excretion  during  the  24  days  of  the  experiment 
without  any  morphological  manifestations  interpretable  as  a  .suppre.s.sive 
effect  due  to  excess  te.stosterone.  It  is  unlikely  therefore  that  the  same  dose 
(25  mg.)  of  testosterone  administered  to  ethionine-treated  rats  is  a  con¬ 
tributing  factor  in  producing  damage  of  the  seminiferous  epithelium. 
Therefore  when  this  epithelium  is  damaged  in  ethionine-treated  rats,  the 
effect  can  be  attributed  .solely  to  etliionine. 

The  fact  that  no  increase  in  17-KS  excretion  was  noted  in  normal  rats 
de.spite  the  administration  of  25  mg.  te.stosterone,  .sugge.sts  that  exogenous 
testo.sterone,  at  this  dose,  does  have  a  .suppres.sive  effect  on  the  Leydig 
cells.  Moreover,  the  Leydig  cell  hyperplasia,  expected  in  ethionine-treated 
rats,  did  not  appear  in  the  presence  of  a  sufficient  amount  of  exogenous 
testo.sterone. 
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It  appears  that  androgen  deficiency  precedes  inorpliological  testicular 
tlamage,  whether  tlie  ethionine  is  given  orally  or  intraperitoneally  (cf 
(Iroups  I)  and  H).  It  could  he  observed  that  a  depression  in  the  rate  of 
excretion  of  17-KS  does  not  necessarily  stimulate  a  simultaneous  hyper¬ 
plasia  of  Leydig  cell.  There  seems  to  he  a  latent  period  between  the  depres¬ 
sion  of  17-KS  excretion  and  the  appearance  of  damage  in  the  tubular 
epithelium.  It  has  been  demonstrated  that  the  hyperplasia  of  l.,eydig  cells 
is  of  a  compc'iisatory  natun'  and  follows  a  dcprc'ssion  in  the  rate*  of  17-KS 
excretion  after  a  latent  period  which  corresponds  to  that  of  the  appearance 
of  injury  to  the  tubular  epithelium.  Hyperplasia  of  Leydig  cells  does  not 
appear  in  the  presence  of  a  sufficient  (luantity  of  exogenous  testosterone 
despite  a  progressive  damage  to  the  tubular  epithelium. 

The  fact  that  the  administration  of  a  large  (juantity  of  exogenous  testo¬ 
sterone  to  ethionine-treated  rats  immediately  increased  the  rate  of  excre¬ 
tion  of  17-KS,  suggests  that  the  system  for  the  transport  of  androgens  or 
their  metabolites  in  the  organism  is  intact.  This  suggests  that  the  ethio¬ 
nine-treated  animal  can  metabolize  androgen,  and  that  the  deficiency  of 
17-KS  excretion  is  due  to  a  deficiency  in  the  production  of  some  17-KS 
precursor.  It  still  remains  to  be  .seen  whether  the  source  of  the  17-KS  pre¬ 
cursor  is  testicular  or  extratesticular  in  origin. 

Finally,  it  may  be  couchided  that  an  endocrine  morphological  relation¬ 
ship  exists  in  the  pathogenetic  effect  of  ethionine  on  testicular  changes  in 
albino  rats.  The  decline  in  the  excretion  of  17-KS  is  in  favor  of  hypoandro- 
genism. 
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THYROTROPIX-IXDUCKD  RELRASK  OF  IODIDE 
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I.  X.  IIOSEXHKRO,  J.  C.  ATHAXS,  C.  S.  AUX  and  A.  BEHAH 

The  Resenrch  Lnhorntorics  of  the  Fifth  and  Sixth  {Boston  Fniversity)  Medieal  Serviees 
and  of  the  Third  (Boston  rniversiti/)  Surgienl  Sendee,  Boston  City  Hospital, 
and  the  Departments  of  Medieine  and  Surgery,  Boston  University 
Sehool  of  Medieine,  Boston,  Massaehusetts 

AHSTRAC T 

Till*  early  effeets  of  thyrotroiiin  on  the  iodine  metabolism  of  the  doK  thyroid 
were  studied  by  measuriiif!;  |)lasma  eoneentrations  of  stable  and  radioaetive 
iodine  in  artta  ial  and  thyroid  venous  blood,  2  to  4  hours  after  administration. 
When  orftanie  binding  of  iodide  was  not  preventcal,  TSH  administration  led  to 
the  promi)t  release  from  the  filand  of  TCA-soluble  as  well  as  TCA-preeipitable 
stable  iodine  with  relatively  little  ehange  hi  the  glandular  clearance  of  circulat¬ 
ing  labeled  iodide;  iodide  release  was  eonsiderably  enhanced  by  perchlorate. 
When  organic  binding  was  blocked  (methimazole)  TSH  led  to  the  relea.se  of 
both  stable  and  radioactive  iodide  from  the  gland  and  the  released  iodide  was 
of  lower  specific  activity  than  arterial  iodide.  The  data  suggest  that  TSH  en¬ 
hances  the  formation  of  iodide  in  the  gland,  probably  by  deiodination  of  organic 
iodine  comilounds  (iodotyrosines).  The  iodide  so  produced  .seemed  to  be  at 
least  partially  exchangeable  with  circulating  iodide  concentrated  by  the  gland 
when  organic  binding  was  block(*d,  but  when  binding  was  iiermitted  there  was 
little  evidence  of  such  exchange  during  a  relatively  short  period  of  observation. 
When  organic  binding  was  not  i)revented,  the  administration  of  perchlorate  to 
both  TSH-injected  and  control  animals  led  to  glandular  release  of  iodide  of  spe¬ 
cific  activity  considerably  less  than  that  of  eireulating  iodide,  suggesting  the 
presence  within  the  thyroid  of  iodide  poorly  exchangi'able  with  iodide  newh’ 
entered  from  the  circulation. 

STUDII^S  u.sinfi  the  technitiue  of  thyroid  venou.s  eannulation  in  the  dog 
have  .shown  that  the  administration  of  thyrotropin  (TSH)  may  lead  to 
the  prompt  release  from  the  thyroid  not  only  of  organic  iodine  l)ut  also  of 
inorganic  iodide  (1, 2).  The  dog  tliyroid  apparently  contains  little  inorganic 
iodide  that  has  newly  entered  from  the  circulation  (8);  since  the  release  of 
labelled  iodide  from  the  gland  induced  by  TSH  was  most  apparent  when 
administration  of  radioactive  iodine  several  days  earlier  had  led  to  appreci¬ 
able  lal)elling  of  glandular  iodine  and  e.specially  when  the  iodide-concen¬ 
trating  mechanism  of  the  gland  had  been  inhibited  by  perchlorate,  it 
appeared  that  TSH  .stimulated  the  formation  within  the  gland  of  inorganic 
iodide  by  deiodination  of  organic  iodine  compounds,  and  that  the  iodide 
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*  This  investigation  was  supported  by  a  research  grant  (.V-2.58.5)  from  the  Institute 
of  .Arthritis  and  Metabolic  Diseases,  Public  Health  Service. 


4.38 


September,  1961 


RELEASE  OF  THYROID  IODIDE 


439 


released  from  the  gland  was  derived  from  this  source  rather  than  from 
iodide  newly  “trapped”  from  the  circulation  (1).  It  seemed  of  interest  to 
study  further  the  iodide-releasing  effect  of  TSH  under  conditions  in  which 
the  specific  activities  of  circulating  iodide  ami  of  glandular  iodine  were 
widely  disparate,  iodide  derived  from  deiodination  of  organic  iodine  stores 
being  relatively  poorly  labelled  in  comparison  to  the  circulating  iodide,  and 
also  to  study  the  release  of  iodide  when  organic  binding  of  iodine  was 
prevented  as  well  as  when  it  was  not. 

METHODS 

Exporiinonts  wore  done  using  adult  dogs  of  oitlicr  sox,  oach  animal  hoing  used  for  ono 
oxporimont.  The  details  of  the  surgieal,  analytic  and  other  proet'dures  used  have  been 
jireviously  described  (1).  Tin*  experimental  observations  were  made  in  animals  anesthe¬ 
tized  with  ptmtobarbital;  one  lobe  of  the  thyroid  was  removed  and  from  a  cannula  in¬ 
serted  into  the  inferior  thyroid  vein  of  the  remaining  lobe  samples  of  thyroid  venous 
blood  W(‘re  obtained  consecutively  for  a  period  of  1  to  2  hours.  The  time  required  to  ob¬ 
tain  each  sample  (aj)|)roximately  5  ml.)  was  recorded,  and  this  permitted  an  estimate 
of  blood  flow.  Arterial  blood  samples  were  obtaimul  re])eat(‘dly  from  the  femoral  artery 
and  test  substances  were  injected  into  the  femoral  vein.  Blood  sami)les  were  obtained 
beginning  2  to  3  hours  after  the  intravenous  injection  of  I'®'  (.oO  pe,  Sejuibb  oral  thera- 
peutic  solution  of  sodium  radioiodide).  The  concentration  of  stable  and  of  radioactive 
iodine  was  measured  in  the  sei)arated  plasma  of  arterial  and  thyroid  venous  blood.  In 
preliminary  experiments  only  a  small  fraction  (less  than  5%)  of  the  total  I*^*  was  found 
to  be  i)recipitable  with  trichloroacetic  acid  (T('.V)  in  specimens  of  arterial  and  thyroid 
venous  plasma  obtained  2  to  4  hours  after  the  tracer  dose  had  been  given;  hence,  the 
radioactivity  of  whole  plasma  alone  was  determined,  and  this  was  considered  to  repre¬ 
sent  the  concentration  of  inorganic  iodide-P”.  The  arterial  and  thyroid  venous  jilasma 
concentration  of  total  and  TCA-jirecipitable  stable  iodine  were  determined  (4,  5)  and 
the  difference  between  these  values  was  considered  to  be  the  concentration  of  stable 
inorganic  iodide. 

Three  groujis  of  experiments  were  done.  A)  Organic  binding  permitted  (16  dogs).  The 
dogs  received  1'”  ajjjjroximately  2  hours  before  the  beginning  of  the  blood  samjding 
period.  In  1 1  experiments  the  i)roc(‘dure  was  to  obtain  2  or  3  sami)les  of  thyroid  venous 
and  arterial  blood  during  a  period  of  20  to  30  minutes  (the  control  period),  and  then 
TSH  (Thytrojjar,  Armour),  5  or  10  ESP  units,  was  given  intravenously,  and  samples  of 
blood  were  collect(‘d  for  the  next  45  to  (K)  minut(“s,  at  which  time  jx'rchlorate  (100  mg. 
of  the  sodium  or  potassium  .salt)  was  injected  intravenously,  and  blood  samples  were 
collected  for  20-40  minutes  longer.  In  thre(“  experiments  saline  was  given  instead  of 
'I'SH,  and  in  the  remaining  2  experiments  the  |)rocedure  was  modified  in  that  perchlorate 
was  given  after  the  initial  control  p(‘riod  and  30  minute's  before  TSH  was  given. 

B)  Organic  binding  blocked  (15  dogs).  Methimazole’^  in  a  dosage*  of  20-30  mg.  was 
given  intravenously  one-half  hour  before*  P”  was  injecte*el,  anel  2^  heeurs  before  the  start 
of  the  ble)fKl  sampling  perieeel.  In  7  experiments  (group  B-1)  after  the  initial  contred 
sampling  perioel,  TSH  (5-10  E)  was  given,  anel  40  to  70  minute's  later  pe*rchlorate 
(100  mg.  of  the  sodium  or  potassium  salt)  was  injected  intravenously  anel  collection  of 
blood  samples  continue*el  for  30  minutes  longe*r.  In  6  experiments  (group  B-2)  soelium 
pe*rchlorate  was  given  after  the  initial  control  perioel,  100  mg.  in  3  ca.ses,  10  mg.  in  erne, 

®  Generously  supplie'il  by  the  Eli  Lilly  ('ompaii}-  through  the  courtesy  of  Dr.  Ewalel 
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and  2  mu.  in  two  casos.  In  two  ('xporinn'iits,  (>i;roni)  14-3)  TSH  (10  u.)  was  niven  intra- 
inusrulary  22  hours  Ixdoro  the  .sainiilin}!;  jinriod  and  IS  hours  before  the  metliimazole 
and  l'^‘  were  injeeted.  and  perchlorate  was  given  after  the  initial  control  period  of  blood 
sampling. 

f)  Glnniliilfir  iodine  stores  pre-labeUed  (2  dogs).  These  studies  were  similar  to  those 
previ«)usly  i)erformed  (1)  in  that  1''"  was  given  2  days  (dog  ('-!)  and  4  days  (ilog  (’-2) 
Indore  th('  bhnni  sam|)ling  pc'i'iod  in  ord(‘r  to  label  glanduliir  iodiix'  stor(‘s.  In  both  <logs 
thyrotropin  was  givcm  after  the  control  sampling  period;  in  dog  C'-l  perchlorate  had 
beiMi  given  30  minutes  before  opiuation  and  in  dog  ('-2  jn'rchlorate  was  given  1  hour 
after  TSH.  Thyroid  venous  and  arterial  plasma  concentration  of  total  and  T('.\-i)re- 
ci|)itable  1'^'  and  I'-'  wert'  determined.  In  addition,  tin*  thyroid  gland  of  dog  ('-2  was 
removed  after  the  e.\i)eriment.  ground  in  saline  and  incubated  with  ))ancreatin  for  2 
days  (0).  Tin*  butanol  extract  of  the  acidifieil  digest  was  extracted  with  the  I41au  re¬ 
agent  (7).  t(»  achieve  separation  of  thyroxine  from  iodotyrosines,  and  the  concentration 
of  I*'*'  and  I'^'  in  the  organic  and  aipieous  i)hases  was  determined. 

RESULTS 

(iroup  A  experiments.  Durinp;  the  control  period  of  each  of  tlie  10  experi- 
ment.s  tlie  pla.sma  concentration  of  !'•'*'  wa.s  higher  in  arterial  than  in  thyroid 
venous  blood,  and  the  average  value  for'thyroid  clearance  of  circulating  I*®' 
obtained  from  the  product  of  the  extraction  ratio  (A-V)  A  and  measured 
blood  flow  was  0.19  ml  min.  and  the  average  value  for  the  extraction  ratio 
was  0.8.  The  concentrations  of  stable  iodide  in  thyroid  venous  and  arterial 
plasma  were  nearly  the  same  in  the  control  period,  while  the  venous  PBP®' 
tended  to  be  sfightly  higher  than  the  arterial  value;  thus  in  arterial  plasma, 
TC.Vprecipitable  I'-'  averaged  1.7  )ug,  100  ml.  (range  0.2-8. 4),  and  TCA- 
soluble  P®’  averaged  2.9  /ig/ 100  ml.  (range  O.8-0.I),  while  in  thyroid 
venous  plasma,  the  average  PBI*-'  value  was  2.9  (range  0.8-7. 8)  and 
TC.V-soluble  P-’  was  2.9  (range  0.6-6. 4).  Initial  concentration  differences 
between  arterial  and  thyroid  venous  plasma  in  individual  experiments 
seldom  exceeded  1-2  /ug  100  ml.  (Table  1). 

In  the  11  experiments  in  group  A  in  which  the  early  effects  of  TSH  were 
.studied  there  appeared  to  be  some  tendency  for  the  thyroid  clearance®  of 
circulating  P®‘  to  decrease  during  the  hour  after  the  injection  of  TSH.  The 
change  in  thyroid  clearance  between  control  and  TSH  periods  was  neither 
large  nor  consi.stent;  in  4  experiments  clearance  remained  the  same  and  in 
7  it  decreased,  the  average  value  in  the  TSH  period  being  0.14  ml/ min.  as 
compared  with  0.17  ml/min.  in  the  control  period  (Table  1).  In  most 
experiments  there  was  some  decrease  in  the  extraction  ratio  during  the 
experimental  period.  Although  a  po.sitive  arterio-thyroid  venous  (A-V) 
concentration  difference  for  P®*  persisted  throughout  the  TSH  period  in 

®  Thyroid  “cloaranco”  of  circulating  ioflidc  was  calculated  from  the  averag(‘  value  of 
the  product  of  the  (‘.xtraction  ratio  for  radioiodide  and  the  measured  thyroid  venous  blood 
flow  of  sam|)les  drawn  in  the  control  i)eriod  (before  T8H  injection)  and  in  the  period 
between  TSH  injection  and  the  administration  of  perchlorate.  Xo  correction  was  made 
for  hematocrit  which  was  usually  about  40%. 
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each  experiment,  in  <S  of  the  11  experiments  the  tliyroid  venous  plasma 
concentration  of  TCA-sohihle  I‘-"  rose  by  2.7  to  11.5  mS/100  ml.  in  this 
period  and  in  {)  ca.ses  the  value  exceeded  by  at  least  1  jug  100  ml.  the 
.simultaneous  arterial  concentration,  indicating  the  net  loss  of  iodide  from 
the  gland  (Table  1).  Thus,  while  the  average  values  for  arterial  plasma 
concentration  of  TC.\-soluble  iodine  in  the.se  experiments  was  2.4  )ug,  100 
ml.  before  TSIi  and  2.5  jug/100  ml.  at  the  end  of  the  TSH  period,  the  cor¬ 
responding  values  in  thyroid  venous  plasma  were  2.5  and  (>.5  respectively. 
The  thyroid  venous  plasma  PBI'-'  concentration  also  rose  after  TSH 
injection,  from  an  average  value  of  2.5  mS/  IbO  ml.  in  the  control  period  to 
the  average  value  9.0  jug  100  ml.  at  the  end  of  the  TSH  period  (Table  1). 

Injection  of  perchlorate  approximately  1  hour  after  TSH  injection 
resulted  in  the  abrupt  abolition  of  the  positive  A-V  difference  in  and 
after  a  transient  period  during  which  venous  I***  exceeded  arterial,  the 
concentration  of  arterial  and  thyroid  venous  plasma  I**'  usually  became 
nearly  equal.  However,  the  concentration  of  .stal)le  iodide  in  thyroidal 
venous  blood  continued  to  be  appreciably  greater  than  the  arterial  value 
throughout  the  period  of  ob.servation  (11-45  minutes)  after  perchlorate 
injection.  The  striking  difference  in  these  experiments  (group  A,  Experi¬ 
ments  1,  2,  4-11)  between  glandular  relea.se  of  radioiodide  and  of  .stable 
iodide  following  the  administration  of  perchlorate  is  shown  in  Table  2.  The 
specific  activity  of  the  iodide  released  from  the  thyroid  within  the  first  few 
minutes  after  perchlorate  was  oidy  5.3  percent  of  the  concurrent  arterial 


Tabi.e  2.  Effect  of  pekchlorate  cpox  thvroid  discharge  of  stable  iodide  and 
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*  A  and  V  repn^sent  the  specifie  activity  of  arterial  and  thyroid  venous  plasma  iodide*  r<‘spectively,  at  that  time 
after  perchlorate  injection  at  which  the  arterio-venous  !**•  concentration  difference  was  first  ob8<‘rved  to  bt*  negative; 
V-A  denotes  the  specific  activity  of  the  venous  iodide  increment  at  that  time,  and  was  calculat«*d  by  dividing  the 
veno-arterial  concentration  difference  of  by  that  of  TCA -soluble  stable  iodine, 
t  See  text. 

t  No  perchlorate  was  given  in  this  experiment. 

§  No  stable  iodide  released. 
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plasma  iodide  value,  and  in  the  entire  period  of  observation  after  per¬ 
chlorate  0.96  Mg  (average)  of  stable  iodide  Avas  released  and  0.0065%  of  the 
dose  of  r®*.  To  obtain  a  better  ba.sis  for  comparison  of  stable  and  radio¬ 
active  iodide  release,  the  (piantities  released  were  expressed  as  accumula¬ 
tion-time  equivalents  for  stable  and  radioactive  iodide;  i.e.,  the  time  that 
would  have  been  required  at  observed  values  of  initial  glandular  clearance 
of  and  average  arterial  plasma  concentrations  (in  the  pre-perchlorate 
period)  of  stable  and  radioiodi<le,  for  the  glandular  accumulation  of  the 
quantities  of  stable  iodide  and  of  P'**  released  after  perchlorate.  The 
accumulation  times  were  thus: 


til27  (inin.)  = 


Stable  iodide  released  (jug) 

initial  clearance'!''"  (ml.,  inin.)  Xaverage  arterial  plasma  .stable  iodide  concentration  (jug,  ml.) 


and 

tiRH  (min.)  = 

1 131  released  (%  do.se) 

initial  clearance  P®* Xaverage  arterial  plasma  P®‘  concentration  (%  do.se/ml.) 


The  average  value  for  ti'-^  was  838  minutes,  and  for  td^‘  7.2  minutes. 

One  of  the  group  A  experiments  in  which  TSH  was  given  is  illustrated 
in  Figure  1. 

In  the  three  control  experiments  (numbers  12-14,  Table  1)  in  which 


Fig.  1.  Group  A  experiment.  Injection 
of  TSH  (10  u.)  3  hours  after  I'^'  adminis¬ 
tration  led  to  glandular  reh'ase  of  stable 
FBI  and  iodide,  with  little  change  in 
arterio-thyroid  venous  I'^'  difference.  The 
quantity  of  stable  iodide  and  of  I’’*  re¬ 
leased  from  the  gland  in  the  7  minute 
period  immediately  following  perchlorate 
injection  could  have  been  accumulated  by 
the  gland  in  4.5  minutes  and  in  4. .5  min¬ 
utes,  respectively,  in  the  control  period. 
The  decrease  in  thyroid  venous  plasma 
radioiodifle  concentration  to  values  below 
the  arterial  values  approximately  10  min¬ 
utes  after  i)erchlorate  injection  in  this 
experiment  was  unusual  in  this  series  and 
is  unexplained.  In  this  and  subsequent 
figures,  dotted  lines  represent  arti'rial 
values;  solid  lines,  thyroid  venous  values. 
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.saline  solution  was  injected  instead  of  T8II,  no  appreciable  changes  in  the 
plasma  concentration  of  thyroid  venous  FBI'-'  or  inorganic  iodide'-^  oc¬ 
curred  befon*  perchlorate  was  given:  although  the  average  thyroid  clear¬ 
ance  of  plasma  decrea.'^ed  slightly  during  the  period  of  ob.servation  from 
0.21  to  0.17  ml.  min.,  this  was  largely  dm*  to  the  appreciable  r(*duction  in 
clearance  in  Experiment  18  (Table  1).  When  perchlorate  was  given  in  the.s(> 
experiments  and  in  two  others  (numbers  15  and  10),  there  was  a  transient 
relea.se  of  F**  from  the  gland,  the  quantity  released  being  ecpiivalent  to  that 
which  could  have  been  accumulated  by  the  gland  in  2.0  minutes  (average) 


under  the  conditions  of  blood  flow  and  extraction  ratio  recorded  in  the 
pre-perchlorate  period.  In  8  of  the  5  control  experiments  perchlorate  injec¬ 
tion  was  followed  by  a  considerable  release  of  TCA-soluble  stable  iodide 
from  the  gland,  comparable  in  degree  to  that  observed  in  the  majority  of 
dogs  that  had  received  TSH,  while  in  the  remaining  2  experiments  no 
appreciable  discharge  of  stable  iodide  occurred.  The  average  td^^  was  1)5 
minutes.  Since  in  those  experiments  in  which  stable  iodide  relea.se  occurred 
after  perchlorate  administration  there  was  no  corresponding  change  in 
thyroid  venous  FBI  concentration,  this  suggested  that  net  release  of  iodide 
from  the  gland  was  not  necessarily  dependent  upon  enhanced  secretion  of 
FBI.  A  control  experiment  is  shown  in  Figure  2. 

The  did'erences  between  the  control  and  TSH  groups  with  regard  to  the 
mean  accumulation  time  equivalents  for  stable  and  radioiodide  released 
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after  perchlorate  (Table  2)  were  not  statistically  significant,  for  ti'-'  the 
probability  that  the  difference  between  the  means  was  due  to  chance  was 
>.10,  while  for  td*'  the  p  value  was  >.R0. 

In  the  2  experiments  in  which  perchlorate  was  given  before  T8II  injec¬ 
tion,  the  arterio-venous  concentration  differences  for  radioiodide  and  stable 
iodide  were  virtually  zero  at  the  time  T8H  was  given.  TSIl  injection 
resulted  in  generally  parallel  and  progressive  increa.ses  in  concentration  of 
venous  .stable  iodide  and  of  PBI,  both  being  distinct  approximately  20 
minutes  after  the  injection,  Avhile  glandular  clearance  of  plasma  I*'” 
remained  negligible.  Approximately  45  minutes  after  TSII  had  been  given, 
the  concentration  of  TCA-soluble  stable  iodine  in  thyroid  venous  blood 
had  risen  from  .‘1.1  to  10.0  )ug  100  ml.  (concurrent  PBI  increa.se  from  2.1  to 
7.0  MS  100  ml.)  in  l^xp(‘rimcnt  15,  while  in  hixperiment  10  the  corn'.sponding 
values  for  iodide  were  4.0  to  12.3,  and  for  PBI  L.S  to  7.2  mS  100  ml.  The 
data  obtained  in  these  experiments  before  and  after  perchlorate  injection 
but  before  TSII  injection  are  shown  in  Tables  1  and  2  (Kxp('riments  15  and 
10). 

The  absence  of  major  changes  in  the  glandular  clearance  of  circulating 
iodide  during  the  TSII  period  and  the  disparity  between  the  small  tran.sient 
release  of  I'®'  from  the  gland  induced  by  perchlorate  as  compared  with  the 
appreciable,  sustained  release  of  stable  iodide  suggested  that  the  iodide¬ 
releasing  effect  of  TSII  did  not  predominant Ij’  involve  iodide  newly 
available  to  the  gland  from  the  circulation.  This  was  consistent  with  the 
promptne.ss  and  regularity  with  which  TSII  induced  glandular  iodide 
release  in  animals  pre-treated  with  perchlorate,  in  the  experiments  de¬ 
scribed  here  as  well  as  those  reported  earlier  (1),  when  glandular  accumula¬ 
tion  of  plasma  iodide  was  minimal. 

Group  B  experiments  {organic  binding  Hocked).  Arterial  and  thyroid 
venous  plasma  concentrations  of  P*’  were  nearly  equal  in  the  initial  control 
period  (2  to  3  hours  after  methimazole  and  P'*'  admini.st ration)  in  the  13 
experiments  in  groups  B-1  and  B-2,  indicating  that  equilibrium  between 
plasma  and  glandular  iodide  had  probably  been  achieved. 

Group  H-1 .  (TSII  injection  40  to  70  minutes  before  perchlorate  admini.s- 
t ration).  In  0  of  the  7  experiments  injection  of  TSII  after  collecting  the 
initial  samples  of  arterial  and  thyroid  venous  blood  re.sulted  in  a  prompt 
rise  in  the  concentration  of  P'"*’  in  thyroid  venous  plasma  so  that  it  exceeded 
the  arterial  value;  there  was  little  change  in  blood  flow.  A  repre.sentative 
experiment  is  shown  in  Figure  3.  The  rise  in  the  thyroid  venous  plasma 
concentration  of  was  distinct  in  the  first  blood  .sample  collected  after 
TSII  injection;  since  the  time  required  to  collect  this  sample  averaged  13 
minutes  (range  S  to  ‘20  minutes)  it  is  probable  that  the  increment  might 
have  been  detected  even  sooner  had  .samples  been  obtained  more  fre- 
(luently.  The  venous  P^'  concentration  rose  promptly  to  a  peak  value  which 
averaged  28%  greater  than  the  arterial  value  (range  10  50%),  and  then 
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Fig.  3.  Group  B-1  experiment.  Prompt 
glandular  release  of  iodide  when  d'SH  was 
injeeted  2  hours  after  I'”  administration 
to  dog  pre-treated  with  methimazole. 
Specific  activit}’  of  thyroid  venous  iodide 
decreased  after  TSH:  the  iodide  discharg(‘d 
after  perchlorate  injection  was  of  pro¬ 
gressively  lower  specific  activity.  The 
value  of  the  points  .V,  B  and  C  on  that 
portion  of  the  curve  describing  the  thyroid 
venous  plasma  concentration  of  I*’*  which 
extends  beyond  tin*  indicated  part  of  the 
abscissa  scale  were,  respectively,  57.3, 
33.4  and  17.3%  of  the  dose  of  P’*  per  liter. 
The  values  of  the  determined  points  on 
that  portion  of  the  curve  of  thyroid  ve¬ 
nous  plasma  coma'iitration  of  TC'.\-soluble 
iodine  which  extended  beyond  the  abscissa 
scale  were:  .V  72;  B'  75.5;  C*  43.3;  I)' 
29.8;  and  E'  37.8  100  ml. 


generally  declined,  approaching  but  ahvays  exceeding  the  arterial  value. 
The  thyroid  venous  concentration  of  TCA-soluble  stable  iodine  usually 
rose  toward  the  latter  part  of  the  hour  following  TSH  injection  so  that  it 
became  greater  than  the  arterial  value,  and  the  TCA-precipitable  stable 
iodine  concentration  increased  after  TSH  just  as  in  the  experiments  of 
group  A.  The  thyroid  venous  increment  in  generally  became 

distinct^  .somewhat  after  the  increment  in  P®*,  the  average  time  being  2S 
minutes  (range  21-47).  Injection  of  perchlorate  led  to  a  prompt  increase  in 
the  thyroid  venous  plasma  concentration  of  both  P®^  and  TCA-.soluble 
P^^.  The  maximal  value  for  the  plasma  concentration  of  P®‘  in  thyroid 
venous  blood  was  in  the  first  sample  collected  after  perchlorate  administra¬ 
tion,  and  in  subsequent  samples  the  value  fell  toward  the  arterial  value. 
The  increase  in  the  venous  concentration  of  .stable  iodide  resulting  from 
perchlorate  tended  to  be  more  sustained.  The  specific  activity  of  the  iodide 
released  from  the  gland  after  perchlorate  was  much  lower  than  that  of  the 
arterial  iodide;  the  specific  activity  of  the  released  iodide  was  estimated 
from  the  ratio:  veno-arterial  concentration  difference  in  P*‘  (%  dose/1, 
/veno-arterial  concentration  difference  in  TCA-soluble  stable  iodine 
(/ig/h).  The  average  value  of  the  specific  activity  of  the  iodide  released 


*  An  increase  in  concentration  was  considered  distinct  if  it  was  1.0  /xg  100  ml.  or 
greater. 
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(huiiif?  tlie  time  reciuirecl  for  collection  of  the  first  venous  sample  after 
perchlorate  was  19.7%  of  the  arterial  value  (Table  3);  because  of  the 
sustained  nature  of  the  stable  iodide  release  as  compared  with  the  transient 


'I’aHI.K  a.  Sl’KCIFIC’  Al'TIVITY  OF  lODIDK  KKl.EASEI)  FROM  TllYKOIl)  AFTER  I’ERCll  I.ORATE 
INJECTION  IN  TSH-TREATEI)  AND  CONTROL  DOOS  ((iROCP  H  EXPERIMENTS) 


i 

I'ixperi- 

nicnt 

TSH  i 

(losiiKP  1 

(USB  1 
units)  I 

1 

Post-perchlorate  period 

between  1 
TSH  and 
perchlorate 
injections 

(mill.) 

Specific  activity  (%  dose 

Interval  after  B’VmkD  Relative' 

jierchlorate  -  -  -  specific 

injection  A  B  activity 

(min.)  arterial  relea.sed  B/AXlOO 

iodide  iodide 

(iroup  U-1 

1 

5 

j 

54 

i 

0-12  0.205  0.044  15.0 

12-25  0.302  0.0128  4.2 

•)  ' 

1 

4  1 

00  j 

0-12  0.23  0.13  57.0 

12-22  0.23  0.0257  11.0 

H 

1 

1 

5  j 

i 

81  1 

0-8  0.048  0.0003  10.4 

8-14  0.0005  0.0035  5.0 

15-21  0.070  0.00225  3.0 

21-28  0.073  0.00147  2.0 

4 

i 

i 

1 

5 

18 

0-8  0.32  0.032  10.0 

0-14  0.30  0.020  0.7 

14-10  0.20  0.023  7.0 

10-24  0.31  0.014  4.5 

5  1 

1 

5 

58 

1 

0-12  0.22  0.0284  12.0 

12-23  0.23  0.0003  0.13 

(i  1 

10 

58 

1  0-  4  0.208  0.071  34.0 

4-  0  0.238  0.045  10.0 

10-15  0.242  0.043  17.7 

t 

U) 

i 

! 

(14 

,  0-  7  0.70  0.007  8.8 

7-17  0.08  0.020  3.0 

'  18-17  0.08  0.013  1.3 

28-37  0.72  0.0088  1.2 

37-53  0.72  0.0010  2.2 

( iroup  B-‘2 
8 

ft 

0 

— 

0-11  0.207  0.25  03.0 

20-32  0.30  0.027  0.0 

0 

— 

0-14  0.40  0.100  22.0 

14-20  0.30  0.082  21.0 

30-41  0.37  0.072  10.0 

10 

1  0 

1 

— 

0-11  0.22  0.22  100.0 

11-20  0.22  0.15  08.0 

11 

1 

— 

3-  8  0.28  0.57  203.0 

(iroup  B-:3 
12 

10 

1320 

0-  1  0.085  0.023  27.0 

1-  2  ■  0.100  0.033  33.0 

3-  5  0.100  0.034  34.0 

5-  0  0.125  0.022  17.0 

9-8  0.114  0.0324  28.0 

13 

10 

1320 

0-  3  0.075  0.030  40.0 
25-40  0.069  0.005  7.2 
50-60  0.084  0.006  7.1 
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character  of  the  I'**  (hscliarse,  tlie  specific  activity  of  the  release<l  iodide 
became  much  smaller  in  subsequent  samples,  and  in  some  cases  where  there 
was  almost  no  V-A  concentration  difference  in  I'®‘,  specific  activity  could 
not  be  accurately  determined. 

(iroup  Ii-2.  In  the  f  experiments  in  control  group  H-2  in  which  the 
methimazole  pre-treated  dogs  were  given  enough  perchlorate  to  inhibit 
completely  the  iodide-trapping  mechanism  (as  jmlged  by  the  zero  (A-V) 
difference  in  after  the  release  of  thyroidal  I'*'),  the  values  for  the  specific 
activity  of  the  iodide  released  in  the  early  minutes  after  perchlorate 
administration  were  nearly  ecjual  to  the  arterial  value  in  2  cases,  higher  in 
one,  and  lower  in  one,  the  average  value  being  10.5%  of  the  arterial  value 
(Table  .'1).  Thus  the  iodide  discharged  from  the  gland  by  perchlorate  under 
conditions  of  inhibited  organic  binding  of  iodine  was  of  considerably  lower 
specific  activity  in  the  dogs  which  had  received  TSII  1  hour  before  the 
perchlorate  than  in  the  control  animals.  In  the  control  group,  as  in  the 
TSII  group,  the  specific  activity  of  the  released  iodide  diminished  with 
time  after  perchlorate  because  the  relefise  of  stable  iodide  persisted  longer 
than  that  of  I‘*‘. 

In  two  of  the  experiments  in  group  B-2,  after  the  initial  control  period,  a 
small  quantity  (2  mg.)  of  soflium  perchlorate  was  given  which  produced 
only  partial  inhibition  of  the  iodide-trapping  mechanism;  one  such  experi¬ 
ment  is  shown  in  Figure  4.  The  small  dose  of  perchlorate  led  to  a  sudden 
release  of  I'®'  from  the  gland,  but  the  thyroid  venous  I'®'  concentration 
then  .stabilized  at  a  value  well  above  the  arterial  value,  and  the  thyroid/ 
plasma  I'®'  concentration  gradient  was  presumablj-  smaller  than  it  had 
been  in  the  control  period.  Injection  of  TSII  then  led  to  an  immediate 
large  increase  in  the  thyroid  venous  plasma  concentration  of  stable  iodide 
and  of  I'**,  following  which  the  venous  I‘®'  concentration  declined  in 
exponential  fashion  similar  to  what  occurred  after  a  large  dose  of  perchlo¬ 
rate,  and  the  specific  activity  of  thyroid  venous  iodide  decreased  progre.s- 
sively. 

Group  B-S.  TSII  was  given  intramuscularly  to  2  dogs  22  hours  before  the 
blood  .sampling  period,  and  18  hours  before  administration  of  methimazole 
and  In  the  initial  l)lood  sampling  period,  the  expected  high  values  for 
venous  concentration  of  PBI'‘’  were  found,  the  values  being  3  to  4  times 
greater  than  the  corre.sponding  arterial  values,  and  the  stable  iodide 
concentration  of  thyroid  venous  blood  was  twice  the  arterial  concentration, 
while  the  arterial  and  thyroid  venous  plasma  concentration  of  I'®*  were 
nearly  the  same.  Perchlorate  injection  led  to  the  release  from  the  gland  of 
iodide  of  specific  activity  le.s.s  than  that  of  the  arterial  plasma  iodide:  the 
specific  activity  of  the  iodide  first  released  (calculated  from  the  data  from 
the  first  sample  of  thyroid  venous  blood  obtained  after  perchlorate)  was  in 
1  case  27%  and  in  the  other  case  40%  of  the  concurrent  arterial  iodide 
specific  activity  (Table  3).  Since  the  iodide  released  under  these  conditions 
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Fig.  4.  (Iroup  B-2  (‘xporimont.  I^H’oct 
(if  TSIl  111)011  filiindular  iodide  release'  after 
l)artial  inhiliitioii  of  iodide  “trappiiifi;” 
ineelianism  by  2  mu.  Xa('l()4  siveii  to  dog 
pre-treated  witli  metliimazol*'.  Specific  ac¬ 
tivity  of  tliyroid  venous  iodide  deerea.sed 
considerabl}-  following  TSH  injection. 
The  thyroid  plasma  I'’'  eoneentration 
ratio  of  the  uneannulated  lobe  of  the 
thyroid,  removed  ju.st  before  the  start  of 
the  collection  period  of  thyroid  venous 
hlood  from  the  contralateral  lobe,  was  48; 
the  thyroid  j)lasma  ratio  of  the  lobe  which 
had  been  eannulated  was  8.1  at  the  end  of 
the  experimental  i)eriod. 


Time 


was  of  lower  specific  activity  than  the  average  for  control  experiments 
(H-2),  these  results  suggested  the  possibility  that  glandular  iodide  relea.se 
may  persist  for  at  least  24  hours  after  the  administration  of  TSH. 

Group  C.  In  the  2  experiments  in  which  the  organic  iodine  .stores  of  the 
gland  had  lieen  labeled  by  giving  2-4  days  before  the  surgical  proce¬ 
dures,  TSH  administration  led  to  the  prompt  release  from  the  gland  of 
hormonal  and  TCA-soluble  iodine,  the  increment  of  inorganic  iodide  being 
enhanced  by  perchlorate  injection,  in  agreement  with  results  previously 
reported  (1).  In  one  of  these  experiments  (C-1),  shown  in  Figure  o,  the 
specific  activity  of  the  iodide  released  from  the  gland  was  nearly  twice  that 
of  the  PHI  secreted  and  only  one  half  that  of  the  arterial  iodide.  In  Experi¬ 
ment  C-2,  TSH  given  4-5  minutes  before  perchlorate  led  to  the  release  of 
stable  and  radioactive  PHI  and  iodide,  and  perchlorate  enhanced  the 
discharge  of  iodide.  The  data  (Table  4)  indicated  the  much  lower  .specific 


HOSKXBEIKJ,  ATHAXS,  AHX  AXl)  HKHAH 


Volume  00 


4:)0 


Fig.  5.  Clroup  C  (‘xiMMinicnt.  Tlic  ani¬ 
mal  was  Kivcn  1*’’  4S  Ikhiis  hcl'orc  opera¬ 
tion  and  perclilorale  20  ininuti's  hefori' 
thyroid  venous  cannulation.  TSH  led  to 
the  release  of  hormonal  and  aeid-soluhle 
iodine  of  reasonably  constant  specific  ac¬ 
tivity. 


activity  of  thf^  iodide  released  from  the  jijland  as  compared  with  .systemic 
circulating  iodide,  and  also  sliowed  this  value  to  he  more  comparable  to 
that  of  the  glandidar  iodotyrosine-iodine  than  to  that  of  the  thyroxine 
iodine  present  in  the  gland  and  released  into  the  circulation. 


DISCUSSION 

The  results  de.scrihed  support  the  idea  previously  propo.sed  (1)  that  one 
of  the  prompt  conseiiuences  of  TSH  administration  is  the  appearance 
within  and  the  relea.se  from  the  thyroid  of  iodide  derived  from  an  intra- 
glandular  source  other  than  iodide  newly  “trapped”  from  the  circulation. 


Table  4.  Specieic  activity  ok  plasma  and  thykoid  iooixe,  experi.mext  C-2 


Iodine-containing  material 

Specific 

activity  (%  dose  1 

‘“VmkD 

Before  T.SII 

4.5  minutes 
after  T.SII 

After 

perchlorate 

Arterial  iodide 

().()2(> 

0.041 

0.0:I8 

Thvroid  venous  iodid<‘ 

0.024 

0.01.5 

0.014 

Arterial  BBI 

O.OOdl 

0.0022 

0.0021 

Iodide  released  from  Kland  (V-A) 

0.01 1 

O.OIII 

(ibindular  iodotvrosines* 

- - 

0.0088 

BBI  released  from  gland  (V-A) 

- - 

o.oo:io 

o.oo:io 

(ilandnlar  thyroxinef  j 

— 

o.oo;i4 

*  Butanol-soluble  iodine  re-extractable  in  Blau  reanent. 
t  I’nt-uiol-solnble  iotiine  not  re-exfi;-ct-  !)1'*  iii  !’l  mi  re.-iKcnt. 
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In  addition,  the  data  provide  some  suggestions  as  to  the  exchangeability, 
under  difTerent  conditions,  of  plasma  iodide  entering  tiie  gland  with  the 
thyroidal  iodide  presumed  to  be  formed  within  the  tln  roid. 

The  administration  of  TSH  in  experiments  in  which  organic  binding  of 
iodide  was  permitted  (group  A  experiments)  led  in  most  cases  to  a  rise  in 
the  thyroid- venous  concentration  of  stable  iodide  al)ove  the  arterial  value, 
indicating  a  net  loss  of  iodide  from  the  gland,  with  no  consistent  change  in 
the  thyroid  clearance  of  plasma  iodide.  This  indicated  that  iodide  might  be 
lost  from  the  gland  while  accumulatioti  of  iodide  from  the  plasma  con¬ 
tinued  and  suggested  that  the  iodide  accumulated  by  the  gland  from  the 
plasma  was  not  freely  exchangeable  with  the  iodide  simultaneously  gen¬ 
erated  within  and  released  from  the  gland  as  a  result  of  TSII  stimulation, 
since  one  might  expect  that  if  exchange  were  appreciable,  glandular  release 
of  stable  iodide  would  have  been  associated  with  release  of  some  1'^'  and 
conseciuent  decrease  in  the  extraction  ratio.  Although  in  some  experiments 
decrea.ses  in  the  extraction  ratio  and  clearance  of  plasma  were  observed 
after  TSII  was  given,  similar  observations  Avere  recorded  in  at  least  one 
control  experiment,  and  this  might  have  been  caused  by  deterioration  of 
the  preparation  or  (as  in  experiments  where  the  rate  of  decrease  of  the 
arterial  plasma  I'^'  concentration  was  unusually  great)  by  incomplete 
e(iuilibration  of  the  tracer  I‘®‘  with  extrathyroidal  iodide  and  consecpient 
change  in  the  .specific  activity  of  circulating  iodide,  and  need  not  necessar¬ 
ily  imply  a  decrease  in  thyroidal  accumulation  of  plasma  iodide  induced 
by  TSIL 

Inactivation  of  the  iodide-trapping  mechanism  by  perchlorate  approx¬ 
imately  1  hour  after  TSII  admini.stration  in  the  group  A  experiments 
produced  only  a  tran.sient  and  relatively  small  release  of  I''^'  not  appreciably 
greater  than  that  ob.served  after  giving  perchlorate  to  animals  that  had  not 
received  TSH;  TCA-soluble  I'-"  release,  however,  was  sustained  and 
appreciable,  further  suggesting  the  unlikelihood  of  appreciable  admixture 
within  the  gland  of  labeled  iodide  entering  from  the  circulation  with 
iodide  produced  within  the  gland.  This  interpretation  of  the  results  is  based 
on  the  following  considerations.  If  there  were  considerable  exchange  be¬ 
tween  circulating  iodide  (labeled)  “trapped”  l)y  the  gland  and  intra- 
glandular  iodide  not  newly  entered  from  the  circulation,  and  if  the  (piantity 
of  iodide  formed  within  the  gland  was  comparatively  large,  .so  that  the 
specific  activity  of  the  iodide  mixture  in  the  gland  would  l)e  much  lower 
than  the  specific  activity  of  circulating  iodide,  then  it  is  conceiva))le  that 
iodide  of  low  specific  activity  might  leave  the  gland  as  a  consecpience  of 
TSH  injection  without  appreciably  altering  the  thyroid  extraction  ratio  for 
I'^b  However,  under  the.se  circumstances,  although  one  might  then  have 
expected  that  the  iodide  released  after  perchlorate  injection  would  have 
l)een  of  low  specific  activity,  it  would  .seem  that  the  quantity  of  I'-*'  dis- 
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charged  from  tlie  gland  after  perchlorate  might  reasonably  have  been 
expected  to  be  appreciably  greater  than  ^vas  found. 

The  release  of  appreciable  amounts  of  stable  iodide  from  the  gland 
following  perchlorate  injection  in  3  of  the  5  control  experiments  in  group  A 
associated  with  the  simultaneous  discharge  of  relatively  small  quantities 
of  suggests  that  even  in  the  absence  of  exogenous  T8H  the  gland  may 
contain  iodide,  presumably  derived  from  deiodination,  which,  during  a 
short  period  of  observation,  is  poorly  exchangeable  with  iodide  entering  the 
gland  from  the  circulation.  It  would  appear  that  the  thyroid/plasma 
concentration  gradient  for  iodide  from  both  sources  is  maintained  by 
mechanisms  subject  to  perchlorate  inhibition. 

The  suggestion  that  the  thyroid  contains  iodide  not  exchangeable  with 
plasma  iodide  has  been  proposed  as  a  possible  explanation  for  the  large 
discrepancy  between  the  values  for  the  thyroid  iodide  concentration 
determined  chemically  and  the  much  lower  values  estimated  from  thyroid- 
serum  iodide-P**  ratios  (8). 

The  fact  that  there  was  no  significant  difference  between  the  TSH- 
treated  dogs  and  the  controls  in  the  average  quantity  of  stable  iodide 
discharged  from  the  gland  following  perchlorate  injection  might  at  first 
suggest  that  the  effect  of  TSH  upon  enhancing  iodide  release  in  the  pre¬ 
perchlorate  period  was  not  reflected  in  changes  in  the  poorly-exchangeable, 
perchlorate-dischargeable  iodide  stores  within  the  gland.  It  might  perhaps 
be  emphasized,  however,  that  under  the  experimental  conditions,  release  of 
stable  iodide  was  still  taking  place  in  both  the  TSH-treated  dogs  and  in 
some  controls  at  the  end  of  the  period  of  blood  sampling  after  perchlorate 
injection,  and  the  data  cannot,  therefore,  be  interpreted  as  indicating  that 
TSH  had  no  effect  upon  the  quantity  of  stable  iodide  ultimately  discharge- 
able  from  the  gland  by  perchlorate.  Indeed,  in  earlier  studies  (1)  as  well  as 
in  group  A  Experiments  lo  and  16  and  the  group  C  experiments,  a  con¬ 
siderable  increase  in  iodide  release  was  observed  following  TSH  administra¬ 
tion  to  dogs  pre-treated  with  perchlorate.  On  the  other  hand,  under  the 
present  experimental  conditions,  the  glandular  release  of  radioiodide  had 
been  largely  completed  by  the  end  of  the  period  of  observation  following 
injection  of  perchlorate,  and  the  absence  of  a  significant  difference  in  the 
quantity  of  I'®*  released  between  the  control  and  TSH-treated  dogs  in 
group  A  would  suggest  that  TSH  had  little  effect  upon  the  quantity  of 
iodide  accumulated  by  the  gland  from  the  circulation  and  existing  as  iodide 
within  the  thyroid. 

The  absence  of  an  early  (i.e.  within  1-2  hours)  effect  of  TSH  upon 
glandular  accumulation  of  circulating  iodide  recorded  in  these  experiments 
in  the  dog,  is  consistent  with  the  latent  period  of  8-10  hours  noted  by 
others  between  injection  of  TSH  and  enhancement  of  glandular  accumula¬ 
tion  rate  in  man  (9,  10).  A  decrease  in  the  rate  of  disappearance  of  iodide- 
1*®*  from  the  plasma  has  been  reported  to  occur  12  to  24  hours  after  giving 
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T8H  to  human  .subjects  under  experimental  conditions  such  that  appreci¬ 
able  labelinp:  of  glandular  oiTSanic  iodine  stores  mi}>;ht  have  been  achieved 
by  the  time  this  effect  Avas  apparent,  and  this  effect  has  been  attributed  to 
the  relea.'ie  from  the  filand  of  iodide  derived  from  deiodination,  to  early 
inliibition  of  thyroid  accumulation  of  circulatin}>;  iodide,  or  both  (11).  The 
re.sults  of  the  present  study  in  the  dog,  if  applicable  to  man,  suggest  that 
the  effect  might  be  predominantly  due  to  release  of  labeled  iodide  from  the 
gland  rather  than  to  inhibition  of  glandular  uptake  of  plasma  iodide.  It  is  of 
interest  that  in  one  reported  series  of  experiments  in  man,  apparent 
inhibition  of  radioacth’e  iodine  accumulation  Avas  ob.served  2  hours  after 
T8H  injection  (12)  but  repetition  of  the  study  failed  to  reveal  significant 
inhibition  (or  stimulation)  of  iodine  uptake  by  TSH  at  this  time  interval 
(10,  12). 

In  the  experiments  of  group  B,  in  Avhich  organic  binding  had  been 
prevented,  the  most  striking  effect  of  TSH  Avas  the  almost  immediate 
release  of  iodide-I'®*  from  the  gland,  generally  accompanied  l)y  release  of 
appreciable  quantities  of  stable  iodide.  This  suggested  that  under  these 
conditions,  in  contrast  to  the  situation  Avhere  organic  binding  Avas  unim¬ 
peded,  the  iodide  derived  from  deiodination  reactions  Avas  at  least  to  some 
degree  exchangeable  Avith  iodide  entering  from  the  plasma.  It  Avould  seem 
rea.sonable  to  attribute  the  TSH-induced  di.scharge  of  trapped  iodide-B®*  to 
admixture  of  the  increment  of  stable  iodide  produced  Avithin  the  gland  (by 
deiodination  of  unlabeled  organic  iodine  compounds)  Avith  labeled  iodide 
in  the  thyroidal  ‘‘iodide  space,”  Avhich  Avould  tend  to  increase  the  A'alue  of 
the  thyroid,  serum  iodide  ratio.  As  a  result  of  the  disturbed  equilibrium, 
the  rate  of  discharge  of  iodide  from  the  gland  might  exceed  the  rate  of 
entry  from  the  circulation,  Avith  consequent  release  of  labeled  iodide  from 
the  gland.  The  release  of  trapped  iodide-P*'  under  these  circumstances, 
might  be  comparable,  according  to  this  A’ieAV,  to  the  “AAash-out”  of  trapped 
P®^  from  the  blocked  gland  observed  when  stable  iodide  is  given  (13), 
except  that  under  the  described  experimental  conditions  the  .source  of  the 
stable  iodide  leading  to  the  release  of  iodide  from  the  gland  Avould  be  not 
the  plasma  but  tne  intraglandular  precursors  of  iodide.  Such  a  formulation 
could  account  for  the  fact  that  the  .specific  activity  of  thyroid  venous  iodide 
often  decreased  after  TSH,  sugge.sting  admixture  Avith  unlabeled  iodide  of 
the  iodide  trapped  in  the  gland  from  tlie  circulation,  and  it  might  account 
for  the  initial  rise  and  subsequent  fall  of  the  A’enous  iodide-P"*'  concentration 
occurring  after  TSH.  If  this  explanation  Avere  correct,  one  might  anticipate 
that  TSH  administered  Avhen  the  thyroid  iodide  Avas  in  eciuilibrium  Avith 
circulating  iodide  might  induce  a  greater  release  of  trapped  iodide-P®'  from 
the  gland  Avhen  the  thyroid,  plasma  iodide  gradient  Avas  small  than  Avhen 
it  Avas  large.  Thus,  if  the  same  quantity  of  stable  iodide  Avere  introduced 
into  the  thyroid  iodide  space  Avhen  it  contained  a)  a  small  or  b)  a  large 
quantity  of  trapped  labeled  iodide  of  the  same  specific  activity,  one  might 
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expect  tliat  restoration  of  the  pre-exist iiifj;  equilibrium  thyroid  plasma 
stable  iodide  ratio  would  entail  the  loss  of  a  larger  fraction  of  the  glandular 
content  of  radioactive  iodide  in  a)  as  compared  with  b).  That  this  may 
indeed  occur  was  suggested  by  the  experiment  shown  in  Figure  4,  in  which 
the  thyroid, /plasma  iodide  gradient  had  almost  certainly  been  decreased  by 
the  small  quantity  of  perchlorate  given  before  TSH  injection,  and  in  which 
administration  of  T8H  produced  an  unusually  large  release  of  iodide-l‘*‘. 

The  possibility  that  the  effect  of  TSH  upon  the  release  of  labeled  iodide 
from  the  blocked  gland  might  be  attributable  to  contamination  of  the  TSH 
solution  with  thiocyanate,  perchlorate  or  with  iodide  seems  excluded  by 
the  finding  that  a  boiled  preparation  of  TSH  did  not  produce  this  effect, 
and  chemical  analysis  of  the  contents  of  a  vial  containing  10  units  of  TSH 
revealed  oidy  0.015  y.%  of  iodine 

The  specific  activity  of  iodide  initially  released  from  the  gland  after 
perchlorate  administration  in  the  TSH-treated  animals  of  group  B-1  was 
much  smaller  than  the  corresponding  values  in  the  control  group  B-2.  This 
also  suggested  that  in  the  TSH  group  ^n  appreciable  fraction  of  the  iodide 
in  the  “trap”  one  hour  after  TSH  administration  was  not  immediately 
derived  from  the  plasma.  By  contrast  the  value  of  specific  activity  of  the 
iodide  released  from  the  gland  immediately  after  perchlorate  injection  in 
the  control  experiments  was  much  closer  to  the  specific  activity  of  arterial 
iodide,  .suggesting  that  most  of  the  iodide  in  the  unstimulated  gland  had 
been  accumulated  from  the  circulation.  It  should  perhaps  be  pointed  out, 
however,  that  in  3  of  the  4  control  experiments,  the  .specific  activity  of  the 
iodide  released  after  perchlorate  injection  was  somewhat  lower  than  the 
arterial  values,  suggesting  again  that  even  in  the  absence  of  exogenous  TSH 
some  of  the  glandular  iodide  may  have  been  derived  from  sources  other 
than  the  circulation.  This  inference  is  also  supported  by  the  finding  that  in 
the  initial  control  period  of  the  B-1  experiments,  when  iodide-I'*‘  equilib¬ 
rium  seemed  to  exist  between  gland  and  plasma,  the  specific  activity  of 
the  iodide  in  thyroid  venous  plasma  tended  to  be  less  than  that  in  arterial 
plasma. 

The  fact  that  the  specific  activity  of  the  iodide  relea.sed  from  the  blocked 
gland  after  perchlorate  became  progressively  smaller  with  time  may  be 
attributed  to  continuing  deiodination  of  virtually  unlabeled  organic  iodine 
compounds  and  relea.se  of  the  iodide  .so  derived  after  labeled  iodide  which 
had  been  accumulated  from  the  circulation  had  been  largely  discharged 
from  the  gland  following  inhibition  of  the  trapping  mechanism. 

The  results  of  the  group  C  experiments,  indicating  that  the  specific 
activity  of  the  iodide  released  from  the  gland  as  a  cohsequence  of  TSH 
injection  was  much  more  like  that  of  the  glandular  iodotyro.sine  iodine  than 
of  the  thyroxine  iodine,  suggest  the  possibility  that  the  released  iodide  may 
have  originated  from  deiodination  of  the  iodotyrosines.  Although  the 
iodide  released  from  the  thyroid  was  of  somewhat  higher  specific  activity 
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than  the  butanol-soluble  iodine  extracted  by  the  Blau  reagent,  it  should  be 
noted  that  the  “iodotyrosine”  fraction  separated  in  this  way  contains 
mono-  as  well  as  diiodotyrosine,  and  is  not  completely  free  of  thyroxine 
(14),  and  since  the  specific  activity  of  thyroxine  (Experiment  C-2)  was  low 
the  specific  activity  of  the  iodotyrosine  iodine  could  have  been  higher  than 
the  value  found  for  the  alkali  soluble  iodine.  Further  studies  of  the  specific 
activity  of  the  released  iodide  and  of  iodotyrosine  iodine  at  different  times 
after  I'**  administration  and  with  resolution  of  mono-  and  diiodotyrosine 
miglit  help  to  define  the  suspected  precursor. 

The  view  that  TSH  enhances  the  production  of  iodide  within  the  thyroid 
and  that  when  organic  binding  is  blocked  the  iodide  so  formed  is  exchange¬ 
able  with  iodide  trapped  from  the  circulation  is  consistent  with  the  observa¬ 
tion  that  thyrotropin  injection  produced  a  prompt  reduction  in  the  con¬ 
centration  of  iodide-I**'  in  the  thyroid  of  man  and  of  the  rat  when  organic 
binding  of  iodine  had  been  prevented  by  propylthiouracil  or  methimazole 
given  a  short  time  before  the  tracer  (15). 
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THK  EFFIXT  OF  PROPVLTHIOURAC'IL,  METHYLTHI- 
OURACIL  AND  THIOURACIL  OX  THE  PERIPHERAL 
METABOLISM  OF  /-THYROXINE  IX  THYROIDEC- 
TOMIZED,  /-THYROXINE  MAINTAINED  RATS 

F.  ESCOBAR  DEL  REY  and  G.  MORREALE  de  ESCOBAR 

Institiito  '^Gregorio  Marnmn  ”  Centro  de  I nvestigaciones  Biologicns — 

C.S.I.C. —  Velazquez  J3S-Madrid,  Spain 

ABSTRACT 

Thyroidi'ctoinizcd.  /-thyroxine  maintained  rats  were  equilibrated  isotop- 
ically  with  exogenous  I”‘  labeled  /-thyroxine  and  later  treated  with  i)ropyl- 
thiouraeil,  inethylthiouraeil  or  thiouraeil.  The  ensuing  alterations  in  the  dis¬ 
tribution  of  radioaetive  compounds  were  determined.  The  results  obtained 
showed  that  tht'se  goitrogens  depress  extrathyroidal  deiodination  of  /-thyrox¬ 
ine  to  about  half  its  normal  amount;  subse(iuently  a  larger  fraction  of  the  hor¬ 
mone  is  ('xendt'tl  via  the  fecal  route.  Coneentratuni  of  labeled  compounds  in 
the  perii)lu‘ral  tissin's  is  not  greatly  influenced,  whereas  the  level  of  circulat¬ 
ing  hormone  is  usually  increase*!  above  normal  values.  It  is  concluded  that 
these  “antithyroid”  drugs  have  also  a  very  rapid  and  intense  action  on  the 
l)eripherabmetabolism  of  /-thyroxine. 

Frequent  use  Ims  been  made  of  the  “antithyroid”  properties  of 
thiouraeil  and  related  eompoimds.  It  is  well  establi.shed  that  these 
drugs  inhibit  the  bio.synthesis  of  thyroid  hormones  by  impairing  the  process 
of  incorporation  of  iodine  into  organic  compounds  (1,  2).  It  has  been 
widely  assumed  and  more  or  less  explicitly  .stated,  that  the.se  goitrogens 
have  no  effect  on  the  extrathyroidal  metabolism  of  thyroid  hormone(s), 
the  main  experimental  basis  for  this  statement  being  that  the  exogenous 
administration  of  thyroid  hormone  prevents  or  reverts  alterations  induced 
by  them.  Much  of  our  present  knowledge  of  thyroid-pituitary  interrela¬ 
tionships  and  of  thyroid  hormone  secretion  and  peripheral  requirements 
obtained  by  goiter  prevention  techniques,  for  instance,  proceed  from  ex¬ 
periments  in  which  this  assumption  is  implicit. 

Andik  et  al.  (3),  however,  showed  that  thyroidectomized  rats  treated 
with  methylthiouracil  require  larger  doses  of  thyroxine  during  longer 
periods  for  their  lowered  oxygen  consumption  to  revert  to  normal  than  do 
untreated  thyroidectomized  animals.  These  findings  indicated  that  the 
drug  had  produced  peripheral  alterations  which  interfered  with  the  meta¬ 
bolic  activity  of  thyroxine.  Recently  van  Middle.sworth  (4)  has  seriously 
(juestioned  the  validity  of  goiter-prevention  technicpies  for  estimation  of 
thyroid  hormone  .secretion  rates,  having  found  that  the  doses  of  /-thyroxine 
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wliich  prevent  appearance  of  goiter  in  propylthiouracil  treated  rats  raise 
the  level  of  circulating  thyroid  hormone  well  above  normal.  Another  ob¬ 
servation  which  is  not  in  agreement  with  classical  explanations  of  goitro- 
genesis  induced  by  these  drugs  is  that  reported  by  Rawson  (5)  who  ob¬ 
served  that  administration  of  propylthiouracil  resulted  in  an  altered  thy¬ 
roid  histology  as  soon  as  24  hours  after  onset  of  treatment,  at  which  time 
the  concentration  of  circulating  thyroid  hormone  was  still  normal.  These 
observations  are  suggestive  of  a  peripheral  alteration  of  thyroid  hormone 
metabolism  induced  by  these  drugs. 

To  our  knowledge,  a  satisfactory  direct  experimental  approach  to  the 
problem  has  not  been  undertaken.'  We  therefore  proposed  to  investigate 
whether  thiouracil  (TU),^  methylthiouracil  (MTU)  and  propylthiouracil 
(PTU)  influence  extrathyroidal  metabolism  of  f-thyroxine,  by  using  thy- 
roidectomized,  /-thyroxine  maintained  rats  in  isotopic  equilibrium  with 
exogenous  I*®'  labeled  /-thyroxine. 

MATERIALS  AND  METHODS 

(ieneral  procedure : 

Young  male  adult  rats  of  a  Wistar  strain,  weighing  about  200-250  gin.  at  time  of 
neeropsy,  were  used  for  the  present  study.  They  were  fed  15  gm. /day/rat  of  a  modified 
Remington  low  iodine  medium  residue  diet  at  least  2  weeks  prior  to  thyroidectomy  un¬ 
til  the  end  of  the  experiment,  t'alcium  carbonate  and  vitamin  1)  were  added  to  the  diet 
after  thyroidectomy. 

The  animals  were  thyroidectomized  surgically;  in  order  to  ensure  completeness  of  re¬ 
moval  of  aberrant  or  residual  thj’roid  tissue,  most  exiierimental  groujis  received  a  tracer 
dose  of  radioiodide  several  days  afti'r  operation.  Measurements  were  taken  over  the  neck, 
thymus  area  and  thigh,  animals  whose  data  showed  iiresmici*  of  thyroid  tissue  being  dis¬ 
carded.  The  remaining  animals  received  thereaftcT  as  daily  intraperitoneal  maintenance 
dose  4  pg  /-thyroxine  (/-T4)  in  0.5  ml.  saline  containing  2%  rat  serum.  We  had  previously 
determined  that  thyroidectomized  rats  of  this  weight  and  strain  fed  the  same  diet  re¬ 
quired  such  a  dose  to  maintain  their  plasma  PHI  within  the  same  limits  as  non-operated 
animals  under  the  same  nutritional  and  environmental  conditions.  During  this  period 
the  animals  were  trained  to  live  in  individual  glass  metabolism  cages. 

Determination  of  hormone  concentrationfi ;  isotopic  equilibrium : 

The  technique  of  isotopic  eiiuilibrium  described  by  van  Middlesworth  (0)  for  intact 
rats  was  modified  and  extended  to  thyroidectomized,  /-thyroxine  maintained  animals. 
•Vbout  2-3  weeks  after  thyroidectomy  the  maintenance  dose  was  substituted  bj'  a  daily 
intraperitoneal  injection  of  4  pf'  of  I*^*  labeled  /-thyroxine.  When  the  individual  urinary 
and  fecal  excretion  curves  had  reached  a  jilateau  and  approximately  all  of  the  injected 

*  .Vfter  completion  of  the  exja'rimental  work  reported  here,  our  attimtion  was  drawn 
to  the  fact  that  P.  P.  van  Arsdel  and  R.  A.  Williams  (11)  had  previously  investigated 
the  problem  using  quite  dififerent  methods  and  (‘xperimental  conditions,  reaching  results 
with  which  the  present  ones  an*  in  general  agri'emeiit. 

-  In  the  present  jiaper  the  following  abbreviations  are  used;  Thiouracil  (TE);  methyl¬ 
thiouracil  (MTE);  propylthiouracil  (PTE);  /-thyroxine  (I-T4);  protein-bound  iodine 
(PBl);  thyroid-stimulating  hormone  (TSH);  trichloroacetic  aciil  precipitable  (TC’.V 
pptbl.);  2,4-dinitrophenol  (l)NP). 
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(lose  was  nao venal  daily  in  the  excreta,  tlie  animals  were  considered  in  isotoi)ie  e(ini- 
lihriuin  with  the  exoffcmms  labeled  hormone.  A  few  days  later  15  m>i.  PTl*  (MTl'  or 
TD  rat  day  were  addcal  to  the  feed  of  half  of  the  (‘xia'rimental  animals  during  varying 
intervals. 

Tin*  animals  were  then  saerifieed  and  the  1'^'  distribution  determined  throufjhout  the 
body  as  described  previously  (7).  The  proetalun*  for  the  determination  of  the  triehloro- 
aeetie  acid  (T('.V)  i)reeipitable  fraction  of  1''“  in  plasma  and  carcass  was  modified,  thio¬ 
urea  beiiifi  added  j)rior  to  fractionation,  in  order  to  avoid  sj)urious  data  du(“  to  the  pos¬ 
sible  presence  of  luunofjlobin  (S).  If  the  radioactivity  of  a  trachea  presence  of 

thyroid  tissue,  the  data  of  the  eorrespondiiif!;  animal  were  discarded. 

The  radioactivity  of  a  niven  samph*  was  expressed  as  pereentaffc  of  the  daily  dose. 
Considerin}!  that  the  animals  wen*  in  isotojjie  etpiilibrium  with  the  labeled  hormone  till 
the  end  of  the  exp*‘riment  and  that  the  daily  dose  contained  4  fin  l-'l\  ( =  2.7  Mfi  l)>  fl''‘ 
corresponding  minimum  iodine  cont«‘nt  of  a  sample  may  be  calculated. 

Detenuinntion  of  labeled  l-ttinroxine  dimppenrauee  redes: 

'Phyroidectomized  rats,  on  4  /ufj  /-thyroxine  maintenance  dose,  w(>re  injected  into  the 
bunoral  vein,  under  slisht  ether  narcosis,  with  4  pfi  psi  labeled  /-thyroxine  (1  pC)  dis- 
solvc'd  in  0,5  ml.  of  saline  containin}!  2%  rat  serum.  Immediately  thereafter  half  the  ani¬ 
mals  were  startc'd  on  5  niff,  of  RTl’  every  einht  hours,  the  other  half  received  an  (‘(pial 
volume  of  saline,  and  were  killed  at  different  inb'i  vals  after  the  injection  of  the  labeled 
hormone  and  PTR, 

p’l  distribution  was  determin(*d  as  described  above,  radioactivities  being  expressed  as 
percentage  of  the  injected  dose.  Obviously,  under  such  experimental  conditions  concen¬ 
trations  of  iodinated  com|)ounds  may  not  be  calculated  from  radioactivity  data  alone. 

IJxeretiou  of  /*■*'  labeled  iodide: 

Thyroidectomized  rats,  in  isotopic  equilibrium  with  4  pn  I'^'  labeled  /-thyroxine,  were 
treated  with  RTF  as  described  above.  On  the  7th  day  after  the  onset  of  treatment  with 
the  goitrogen.  the.se  animals  and  their  controls  received  an  intraperitoneal  injection  of 
2.7  gg  of  I”'  laln'h'd  iodide  of  the  .same  specific  activity  as  that  corresponding  to  the 
horim)nal  maintenance  dose  on  the  same  day.’ 

The  excreta  were  collected  for  a  few  days  more,  the  daily  inje<‘tions  of  labelefl  hor¬ 
mone  being  continued  throughout  the  exix'riment. 

l*reparation  of  /'”  labeled  l-tbijroxine  solutions: 

1'”  /-thyroxim*.  labeled  in  the5':5'  position,  was  either  obtained  from  .\bbott  Pacific 
I.td.,  or  synthesized  by  us  from  /-diiodothyronine  and  i)urified  on  an  anion  exchange 
resin  (I)ow(>x,  1  X-H),  200-400  mesh).  The  specific  activity  was  d<'t«‘rmined  in  the  puri¬ 
fied  eluate  by  modification  of  a  technifiue  previously  re|)orted  (0).  Stable  /-thyroxine 
was  added  to  give  a  final  solution  with  a  total  of  4  pp,(if  /-thyroxine  in  0.5  ml.  of  saline 
containing  2%  rat  serum.  The  specific  activity  of  the  solution  differed  for  the  various 
exi)erimental  groups,  being  about  0.4-().S /^c  4 /ug  of  /-T4  (as  determined  on  the  day  of 
the  first  injection). 


UESULTS 

Figure  1  sliows  tyitical  fecal  and  urinaiy  excretion  ciirve.s  obtained  for 
one  of  nine  experimental  •froujj.s  of  thyroidectomized  /-thyroxine  main- 

’  'Phis  i)r(»cedure  w:is  consideretl  the  most  suitable  in  order  to  avoid  the  possible  dif- 
fercnc«'s  in  s|'<ecific  activity  of  the  excreted  iodide,  which  might  arise  betw«‘en  control  and 
P'Pr  treated  animals,  if  the  goitrogen  influenced  the  <leiodination  of  /-thyroxine. 
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Days  on  I  loboled  l-Uyroxine 

Fig.  1.  Tlie  influence  of  PTl*  (15  nif^./nit  day)  on  the  urinary  and  fecal  e.xcretion  of 
iodinated  compounds  in  tliyroidectomized  rats,  isotoiiically  equilibrated  with  4  p"  I'n 
labeled  /-thyroxine /rat/day.  Data  are  expressed  as  percentage  of  the  daily  injected  dose, 
the  mean  ±  s.d.  heiii}?  shown ;  the  number  of  animals  of  the  fjroup  is  shown  in  th(>  brackets. 


taiiied  rats  in  isotopic  equilihriuin,  before  and  during  the  addition  of  lo  ing. 
l*TU/day  rat  to  the  feed. 

As  may  Ite  observed  from  these  results,  the  animals  were  i.sotopically 
equilibrated  with  the  P'*'  labeled  /-thyroxine  after  4-o  days  and  remained 
so  till  the  end  of  the  experiment.  The  urinary  radioactivity  (chromato- 
graphically  over  97%  iodide)  decreased  during  the  first  24  hours  of  PTl' 
treatment,  reaching  about  half  the  control  value  (mean  P<.001)  by  the 
second  day  and  remaining  .so  during  administration  of  the  drug.  The  fecal 
excretion  of  radioactive  compounds  started  increasing  about  2  days  after 
the  onset  of  goitrogen  treatment,  reaching  a  level  which  compensated  for 
the  decrea.sed  urinary  output.  Later  experiments  showed  that  both  urinary 
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Fig.  2.  'i'lio  urinary  oxcri'tion  of  iodide  in  thyroideetomized,  thyroxine  maintained, 
isotopieally  equilii)rated  rats,  l)efore  and  during  treatment  with  methylthiouraeil  (MTC) 
and  thiouracil  (TC)  and  after  withdrawal  »)f  tin*  drug. 


and  fecal  excretion  of  iodinated  compound.s  returned  to  control  values  in 
about  two  days  if  the  drup;  was  discontinued. 

The  excretion  curves  of  animals  treated  with  15  mg./rat/day  of  MTU 
or  TU  showed  (lualitatively  the  same  variations  as  those  described  for 
PTU  treated  rats,  as  may  be  seen  in  Figure  2. 

Tables  1  and  2  show  the  distribution  for  two  different  experimental 
groups.  As  may  be  observed,  the  increased  I*®*  content  of  the  intestinal 
tract  correlates  well  with  the  increased  fecal  excretion  of  labeled  compounds 
mentioned  above.  The  content  of  stomach  (mostly  iodide)  was  de¬ 
creased,  and  this  finding  is  in  agreement  with  the  decreased  urinary  excre- 


T.\ble  1.  The  effect  of  phopylthiouracil  on  the  I”*  distribution  in 

ISOTOPICALI.Y  EgUII.IBRATEl)  TH YROIDECTOMIZEU  RATS* 


PTl’  during  5  days  j 

%  daily  dost*:  meanis.d.  | 

Statistics: 

1  ^ 

PTU  during  18  days  j 

%  daily  dose:  mean  ±  s.d.  j 

Statistics: 

P 

PTC  treated 
(6  rats) 

Control 
(4  rats) 

PTU  treated 
(3  rats) 

Control 
(4  rats) 

1  ml.  Plasma  ! 

1.82±  .22 

1.65±  .23 

1.69±  .13 

1.63±  .28  1 

TC.\  pptbl.  in  1  ml.  Plasma 

1.76±  .21 

1.65±  .25 

1.63±  .05 

1.50±  .24 

1  gm.  Carcass 

.20±  .02 

.18±  .02 

.20±  .01 

.20±  .02 

TCA  pptbl.  in  1  gm.  Ciiroass 

.18±  .02 

.17±  .02 

.16±  .01 

.16+  .02 

Liver 

13.7  ±  1.8 

12.3  ±1.3 

15.9  ±4.1' 

U  6  +  .5 

Intestines  (+content8)  ; 

;  .38.6  ±  5.6 

26.9  ±4.7 

.01 

41.0  +6.1 

29.9  ±4.3 

.05 

Feces 

63.5  ±11.3 

47.9  ±5.5 

.02 

63.3  ±3.9 

43.1  ±3.2 

1  .tNU 

Urine 

21.0  ±  1.9 

46.4  ±4.9 

<.001 

24.9  ±1.8 

50.3  ±2.2 

I  «.(K)1 

Stomach 

1.69±  .83 

3.42±  .27 

<.<HU 

1.97±  .32 

4.30±  .93 

1  <.02 

♦  Daily  maintenance  dose:  4  mK  I“'  labeled  1-thyroxine. 

PTU  dose:  15  m?.  'rat  'day. 

Animals  were  killed  18  hours  after  last  labeled  hormone  injection. 
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Tablk  2.  The  effect  of  propyi.tiiiocracil  ox  the  I'®*  distribction  in 

ISOTOPICAI.LY  EgCILlBRATEl)  TH YROIDECTOMIZFH)  RATS* 


PTT  treated 

8  rats 

Control 

0  rats 

Statistics:  P 

'  '(  daily  dose:  mean  ±s.d. 

1  nil.  Plasma 

TC.\  pptbl.  in  1  ml.  Plasma 

1.38±  .14 

1.21±  .11 

1.00±  .10  1 
.91+  .11 

.tIOl 
<  .001 

1  gm.  Carcass 

TCA  pptbl.  in  1  gm.  Carcass 

.4t)  +  .  tit) 

.44  ±  .07  . 

.48+  .07 
.40+  .08 

Liver 

Intestines  ( +c<)ntents) 
Intestines  +  Feces 

;  31.1+5.1 

40.2  +10.0 
!  113.5  +10.1 

31.7  +5.9 

28.2  +7.2 

88.0  ±8.8 

.01-. 001 
.01-. 001 

Trine 

10.1  +  1.8 

29.5  ±3.3 

<.<.001 

Total  I»‘ 

TCA  pptbl.  P’* 

Caracass 
.33+  .04 

.30±  .04 

/Plasma  ratio 

.43 ±  .00 
.53±  .05 

.01-. 001 
<  .001 

*  Daily  inaintpiiance  dosp;  4  P’*  laliplcd  /-thynixiiic. 

PTU  dosp;  15  ing./i'!it /day  during  0  days. 

Time  of  necropsy:  24  hours  after  last  labeled  hormone  injection. 


tion.  Tlte  mean  concentration  of  total  iodinated  compounds  in  the  plasma 
and  the  corresponding  TCA  precipitable  fraction  were  the  same  or  higher 
for  PTU  treated  animals,  as  compared  to  the  mean  control  values,  the 
differences  being  statistically  significant  for  most  of  the  experimental 
groups  (in  5  out  of  7,  with  a  81%  mean  increase).  The  concentration  of 
lalieled  compounds  in  the  carcass^  was  the  same  as  that  of  control  animals 
or  was  decreased.  This  was  reflected  in  the  ratio  between  carcass  and  plasma 
total  or  TC.\  precipitable  radioactivity  which  was  usually  lower  for  the 
animals  under  PTU  treatment.  The  radioactivity  of  the  heart,  kidneys 
and  spleen  was  the  same  or  higher  for  PTU  tn'ated  animals  as  compared 
to  the  controls. 

These  n'sults  sugg(‘sted  that  the  overall  peripheral  deiodination  of 
/-thyroxine  decreases  intensely  and  rapidly  after  the  administration  of 
either  PTU,  MTU  or  TU.  However,  although  unlikely,  the  possibility 
existed  that  deiodination  was  not  impaired,  the  decreased  urinary  iodide 
reflecting  some  kidiu'y  damage,  with  part  of  the  iodide  being  then  deflected 
to  excretion  via  the  feces.  Reliable  (juantitative  chromatographic  analysis 
of  the  latter  was  not  feasible  due  to  the  very  low  radioactivities  of  the 
samples  and  this  point  was  therefore  investigated  by  injecting  thyroidec- 
tomized  rats,  in  isotopic  equilibrium  with  exogenous  labeled  thyroxine  and 
treated  with  PTU,  with  labeled  iodide  as  described  above.  Figure?  .3  shows 
that  all  the  injected  iodide  was  excreted  into  the  urine  in  the  same  manner 
l)oth  by  treated  and  control  animals,  no  increase  in  radioactivity  due  to 
the  P®‘  iodide  being  detectable  in  the  feces. 


*  By  carcass  the  mechanically  homogenized  skeletal  muscle -f- skeleton  is  understood. 
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onset 


o  Control  rats  •  PTU  rats 


Fig.  3.  Crinary  and  fecal  (‘xeretioii  of  lal)ele<l  iodiiiated  coin|)ounds  before  and  after 
tlie  injection  of  a  sinslo  dose  of  labcded  iodid*'  (2.7  /xs)  into  thyroideetoinized  rats,  pri'vi- 
onsly  isotopieally  ecpulibrated  by  daily  injection  of  4  /xfi  labeled  /-thyroxine,  with  and 
without  P'rr  tn'atnient  (lo  m<f./rat  day). 

We  also  believed  it  interesting  to  elucidate  whether  the  urinary  iodidt' 
excretion  decreases  as  a  primary  effect  of  thiouracil  administration,  th(‘ 
incrt'ased  fecal  excretion  btnng  secondary  to  it,  or  whether  the  latter  was 
the  primary  effect  and  the  decreased  urinary  iodide  merely  reflected  that 
h'ss  hormone  was  available  to  the  peripheral  tissues  for  deiodination.  This 
was  investigated  by  measuring  I'®'  labeled  /-thyroxine  disappearance  as 
de.seribed  above.  Table  3  shows  that  as  early  as  5  hours  after  the  onset  of 
I’TU  administration  a  80%  decrease  of  urinary  iodide  P*'  was  detectabh*, 
whereas  th(‘r(‘  was  no  increase*  of  the  hepatic,  intestinal  or  fecal  radio- 


Tabi.e  3.  The  effect  of  i’Roi’Ylthiol  k.acil  ox  the  1'’‘  distribi  tion  in  tiiyroidecto- 

.MIZEU  /-THYROXINE  MAINT.AINEI)  RATS  .AT  OIFFERENT  INTERVALS  AFTER  THE 
INJECTION  OF  4  /uG  1*®'  LABELED  /-THYROXINE* 


5  hours  after  1**'  /-T4 
%  daily  dose:  mean  ±8. d. 

20  hours  after  l-Tt 

%  daily  dose:  mean  ±8. d. 

i 

PTC  treated 

Controls  Statistics:  P 

PTC  treatt‘d  C'ontrols  Statistics:  P 

TCA  pptbl.  in  1  ml.  PlaHina  * 

TCA  pptbl.  in  icm.  Carcass 

Liver  ^ 

Intestines  ( -hcontents)  -flVct^s 
Trine 

Stomach 

1.5D±  .14 
.14±  .01 
14. <»  +1.6 
J4.2  ±  .S 
3.1  +  .6 

1.35±  .16 
.13±  .01 

13.8  ±  .7 

25.6  ±2.1  i 

4.8  ±  .3  .01-.!K»1  ' 

.77  ±  .08  .63  ±  .08 

.078±  .007  .  079±  .(K)4 

11.2  ±  .4  10.7  ±  .0 

40.8  +5.1  41.6  ±1.8 

5.3  ±2.2  15.0  ±  .0 

.44  ±  .13  1.08  ±  .24 

.05  .02 

<.01 

«.tMH 

<.(KI1 

Total  I'ti 

TC'.A  pptbl. 

Careass  Plaaina  Ratio 
.10  ±.02  .10  ±.03 

.00  ±.01  .10  ±.02 

Carrasa/Plasiiia  Ratio 
.10  ±.01  .13  ±.01 

.10  ±.01  .13  ±.01 

.(H)l-.OOl 

.05 

*  PTU  5  tiiK>  rat.  8  hrs.  startiriK  iiiiniediately  after  the  injection  of  labeled  hormone. 
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activity.  By  20  hours  after  onset  of  PTU  adininist ration  tlu'H'  was  a  ()0% 
decrease  of  the  urinary  radioiodide,  a  20%  increase  of  the  intestinal +  f('cal 
radioactivity  lieing  by  tlien  demonstrable,  together  with  the  other  typical 
alterations  of  the  p(*ripheral  I'*'  distribution  pattern.  Moreov’er,  in  a  fi'w 
thyroidectomiz(‘d,  isotopically  equilibrated  rats,  bile  was  collect(‘d  from 
the  common  duct  during  the  first  hours  after  onset  of  PTU  administration 
and  it  was  then  found  that  during  the  first  7  hours  the  urinary  radio¬ 
activity  had  decreased  significantly,  the  mean  being  3.8%  of  the  daily 
dose  for  the  PTU  treated  animals  versus  10.0%  for  the  controls.  The 
radioactivity  of  the  bile  collected  over  this  period  was  quite  the  same  for 
both  groups  of  rats  (20.0%  and  21.5%  respectively).  When  bih^  was  col¬ 
lected  from  animals  which  had  been  4  days  on  PTU,  the  urinary  iodide 
was  sharply  decreased,  as  usual,  and  by  then  an  increase  in  the  biliary 
radioactivity  was  observed.  It  appears,  therefore,  that  a  decrease  in  tin* 
overall  peripheral  deiodination  of  /-thyroxine  is  the  first  effect  of  PTU 
administration  clearly  detectable  in  this  type  of  experiment  and  that  the 
delay  in  the  increase  of  the  fecal  excretion  is  not  only  due  to  the  time 
necessary  for  the  formation  of  feces.  The  present  experiments  do  not,  how¬ 
ever,  permit  an  elucidation  of  whether  the  increased  fecal  excretion  of 
iodinated  compounds  is  an  independent  effect  of  PTU  administration  or 
is  due  to  thyroxine  accumulating  in  the  tissues  because  of  impaired  deio¬ 
dination,  nor  whether  it  is  due  to  increased  biliary  secretion  alone  or  is 
also  enhanced  by  an  impaired  intestinal  reabsorption. 

DISCUSSION* 

Kidney  impairment  of  renal  iodide  excretion  has  been  exclinh'd  (‘xpmi- 
mentally  in  the  present  papi'r  as  a  possible  cause  for  the  decreased  urinary 
iodide  observed  for  thyroid(*ctomized,  /-thyroxine  maintained  rats  during 
treatment  with  PTU,  MTU  and  TU.  A  decreased  availability  of  the  hor¬ 
mone  to  the  peripheral  tissues  was  also  excluded  as  a  possible  cause;  it 
has  been  shown  here  that  a  decn'ase  in  urinary  is  already  clearly  demon¬ 
strable  at  a  moment  when  biliary  secretion  and/or  the  intestinal Tfecal 
content  of  iodinated  compounds  is  not  yet  altered.  Neither  in  such  experi¬ 
mental  groups  nor  in  those  wlu'n*  both  decreased  urinary  iodide  and  in¬ 
creased  fecal  excretion  of  iodinat(*d  compounds  were  observed,  was  tlu* 
concentration  of  such  compounds  in  pi'ripheral  tissin*  significantly  low(‘r 
for  PTU  tn'ated  than  for  untr(‘at(‘d  controls. 

It  was  ther(*for(^  concluded  that  propylthiouracil,  methylthiouracil  and 
thiouracil  at  the  dose  level  here  employed  (.l%i  of  the  f(‘(*d)  has  a  rapid 
and  intens(‘  effect  on  thi*  extrathyroidal  metabolism  of  /-thyroxine  in  tlu' 
rat:  of  the  different  changes  observed  the  (juantitatively  most  striking  is 
that  the  deiodination  of  /-thyroxine,  at  least  in  th(‘  3/5'  positions,  is  de¬ 
creased  to  half  or  less  the  normal  amount. 

As  we  have  previously  referred  to  at  the  beginning  of  the  present  pap(‘r, 
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Aiulik  ct  ah  (8)  found  that  to  n'ston*  to  normal  tlio  lowered  oxygen  con¬ 
sumption  of  thyroidectomized  rats,  thyroxine  r(*ciuirements  increased  if 
the  animals  were  concomitantly  tn'ated  with  methylthiouracil.  Very  re¬ 
cently  Stasilli  ct  al.  (10)  have  also  r(‘port(‘d  that  the  calorigenic  effective¬ 
ness  of  thyroxine  is  gn'atly  decreased  hy  thiouracil  fe(*ding.  Our  findings 
are  not  contradictory,  since  the  possibility  exists  that  there  is  some  more 
or  less  direct  n'lationship  between  the  metabolic  effectiveness  of  the  thy¬ 
roid  hormone  and  its  catabolism  in  the  tissues  via  deshalogenating  path¬ 
ways.  By  this  statement  it  is  not  meant  that  the  relationship,  if  any,  is 
necessarily  of  a  causal  natun*;  variations  of  th(‘  peripheral  deiodination  of 
the  hormone  and  of  its  m(‘tal)olic  effectiveness  may  be  different  indexes  of 
the  disturbance  of  otlu'r  metabolic  parameters. 

Van  Middlesworth  ct  at.  (4)  have  seriously  (luestioned  the  validity  of 
goiter-prevention  techniques  for  the  evaluation  of  thyroid  hormone  secre¬ 
tion  rates,  stating  the  possibility  that  values  thus  obtained  are  erroneously 
high.  Our  present  results  support  this  point  of  view,  since  such  tests  are 
implicitly  based  on  the  assumption  that  the  goitrogen  does  not  have  a 
direct  effect  on  the  peripheral  metabolism  and  effect ivene.ss  of  the  thyroid 
hormone.  However,  it  appears  that  a  same  dose  of  thyroxine  in  a  PTU- 
treated  and  in  an  untreated  animal  are  not  equivalent;  from  the  present 
data  it  seems  valid  to  state  that  a  smaller  fraction  of  the  injected  hormone 
is  metabolized  via  deiodination,  a  larger  proportion  is  excreted  undegraded 
via  fecal  route;  as  shown  by  others  (8,  10)  its  metabolic  effectiveness  is 
likewise  impaired. 

We  believe  that  the  hypothesis  might  be  taken  into  consideration  that 
the  alterations  caused  by  PTU  (MTU,  TU)  in  intracellular  metabolism,® 
alterations  which  are  reflected  in  our  data  by  a  decreased  deiodination  of 
the  hormone  and  in  those  of  others  (8,  10)  by  a  decreased  metabolic  rate, 
might  be  influencing  the  secretion  of  T.SH  by  the  pituitary.  It  would  then 
result  that  prevention  of  goitrogenesis  would  require  larger  doses  than 
those  ecpiivalent  to  the  secretion  rate  of  a  normal  thyroid  gland. 

In  order  to  test  the  validity  or  not  of  the  assumptions  stated  above, 
experiments  are  now  under  way  in  our  laboratory  which  have  been 
planned  reasoning  along  such  lines. 

As  a  final  remark  we  wish  to  emphasize  that  in  experiments  planned  to 
investigate  peripheral  aspects  of  thyroid  hormoiu*  imdabolism — .such  as 
secretion  rates,  pc'ripheral  requirements,  activity  of  analogues,  mode  of 
action  at  the  cellular  level,  etc.  animals  tr(‘at(‘d  with  PTU  (.MTU,  TU) 
ought  to  be  avoided  or  at  least  not  considen'd  equiyahuit  to  thyroidc'c- 
tomiz(“d  OIK'S, 

^  .VltcTations  not  inediatod  via  the  diroct  effect  of  these  eoinpounds  on  the  thyroid  are 
referred  to  here. 
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THYROXIXH  UPTAKE  BY  LIYER  MIT()(’H()XI)RIA 
OF  THE  ('()LI)-EXP()SEI)  RAT 

TFIK’HIPO  TOXOUE  and  KYUKI  MATSUMOTO 

/}( partment  of  Animal  Sfirner,  Farultij  of  Agrirnltan , 

Hokkaido  (' nir( rttiti/.  Sapporo.  Japan 

AMSTHA('T 

Mitoclioiidrial  hiiidiiif!;  of  thyroxine  as  a  fuiietioii  of  tliyroxiiie  eoiiceiitra- 
tion  (1 .0  X  to  d.O  X  10”^M)  was  studied  in  the  livers  of  normal  control, 

hypcTthyroid  and  hyi)othyroid  rats  with  and  without  cold  exposure  at  2-4°  C. 
Binding  studies  were  carried  out  usinj;  non-labeled  L-thyroxine  and  measuring 
the  ultra-violet  ahsorhaney  of  thyroxine  left  after  the  separation  of  mito¬ 
chondria  from  the  ineubatiii}?  medium.  In  mitochondria  from  the  normal  rat, 
a  linear  relationship  between  the  amount  of  thyroxine  bound  and  the  concen¬ 
tration  in  the  medium  was  observed.  In  mitochondria  of  rats  cold-exposed  for  5 
hours,  there  appeared  to  be  a  smaller  rate  of  increase  in  thyroxine  binding  at 
the  higher  concentrations.  In  the  case  of  rats  refrigerated  for  8  hours,  the  up¬ 
take  of  thyroxine  was  maximal  at  3X10“^M.  The  same  linear  relationship  as 
for  normal  controls  was  found  with  mitochondria  from  hyperthyroid  rats  and 
5  hours  of  cold-exposure  did  not  exert  any  influence  on  this  relationship.  In 
mitochondria  from  hypothyroid  rats,  the  relationship  between  thyroxine  con¬ 
centration  and  mitochondrial  binding  was  similar  to  that  for  normal,  cold- 
exposed  animals. 

The  reduced  rate  of  increase  of  bound  thyroxine  with  increa.sing  thyroxine 
concentration  in  mitoehomlria  of  both  refrigerated  and  hypothyroid  rats  is  in¬ 
terpreted  as  indicating  a  d(*ereas(‘  in  tin*  numb(>r  of  available  binding  sitt's 
through  their  i)artial  irre-saturation  with  thyroid  hormone  in  vivo. 

Max  Y  experimental  results  .support  the  “feed-back”  hvpothesi.s  that  at 
low  environmental  temperature,  an  increased  rate  of  peripheral 
utilization,  resulting  in  lowered  blood  level  of  hormone,  may  augment 
pituitary  thyrotrophin  (TSH)  release  to  produce  increased  thyroid  activity 
(1).  W  hereas  oxygen  consumption  of  animals  is  increased  immediately 
after  cold-exposure  (2,  8),  the  increase  of  thyroid  activity  is  not  so  definite 
in  a  short  period  of  cold-expo.sure  (4,  o,  0).  An  increase  in  peripheral  utiliza¬ 
tion  and  in  recpiirement  of  thyroxine  at  low  environmental  temperature 
has  been  demonstrated  (2,  7-18).  However,  an  increa.se  in  thyroid  hormone 
uptake  by  peripheral  tissues  in  which  oxidative  metabolism  takes  place 
has  never  been  observed  directly  under  the  cold-expo.sed  condition.  Also 
a.ssuming  that  the  increa.se  in  metabolic  rate  in  refrigerated  animals  does 
not  depend  on  a  hynerthyroid  state  but  does  depend  on  the  presence  of 
thyroid  hormone  (2,  11),  there  still  remains  a  question;  namely,  does 
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thyroid  hormone  play  a  significant  role  in  the  onset  of  the  response  to  the 
cold  stimulus? 

Recently  it  has  been  demonstrated  that  thyroxine  is  taken  up  by  rat- 
liver  mitochondria  in  vitro  (14,  15).  The  situation  in  vivo  is  so  complex  that 
no  in  vitro  system  at  the  subcellular  level  could  be  expected  to  achieve 
comparai)le  conditions  (15).  It  may  be  possible,  however,  to  estimate  the 
in  vivo  effect  of  cold  on  alteration  in  the  mitochondrial  binding  sites  from 
studies  on  the  behavior  of  binding  sites  in  vitro. 

This  paper  is  a  report  of  studies  carried  out  to  examine  the  in  vitro  up¬ 
take  of  thyroid  hormone  by  liver  mitochondria  of  cold  exposed  rats. 

MATERIALS  AM)  METHODS 

.Malo  nits  of  tlic  Wistar  strain,  1.40-170  Kin.,  snjiiilii'd  from  tlu‘  laboratory 

of  Dr.  Makino,  were  used  in  tlicsc  studies.  Thi'y  wi're  housed  at  a  room  tempi'ratnre  of 
24-27°  ('.  Mitoehondrial  binding  of  tliyroxine  as  a  fnnetion  of  thyro.xinc  eoneentration 
was  studied  using  livers  of  normal,  hyperthyroid  and  hypothyroid  rats  with  and  without 
eold-exposure.  The  hyperthyroid  state  was  induced  by  intraperitoneally  injecting 
L-th3’ro.xine,  50  per  100  gm.  bod,v  weight,  for  5  consecutive  days.  The\'  hj  pothyroid 
rats  received  dail}-  injections  of  methylthiouracil,  4  mg.  per  100  gm.  bod\'  weight  for  6 
dax’S.  On  the  daj’  after  the  final  injection,  the  animals  were  sacrified  for  isolation  of 
mitochondria.  Cold-exposure  was  achieved  by  placing  rats  in  a  refrigerator  at  2-4°  C., 
for  2,  5,  or  8  hours,  with  feed  and  water  supplied  ad  libitum.  Cold-exposed  rats  were 
sacrificed  immediately  after  being  removed  from  the  refrigerator. 

The  binding  studies  described  in  the  present  paper  were  carried  out  by  using  non- 
labeled  L-thiToxine-Na  and  measuring  the  concentration  of  thyroxine  left  in  the  super¬ 
natant  after  the  separation  of  mitochondria  from  the  incubation  medium,  whereas 
Klemperer  (14)  and  Tapley  and  Basso  (15)  directly  determined  the  amount  of  thyroxine 
bound  to  mitochondria.  Mitochondria  were  isolateil  by  susjiending  in  a  medium  con¬ 
taining  0.25  M  sucrose  and  0.02  M  tris-lhvdroxymeth.vb-aminomethane,  pH  7.4,  bvthe 
method  of  Schneider  (10)  with  washing  four  times.  The  final  iiellet  was  suspended  in 
0.25.M  sucro.se  and  0.01  M  phosphate  buffer,  pH  7.4,  so  that  tlie  mitochondria  from  1 
gm.  of  fresh  liver  were  suspended  in  1.0  cc.  Fresh  mitochondrial  susiiensions  were  used  in 
all  ex])eriments. 

To  determine  binding,  the  following  three  incubation  sistems,  in  ])lastic  centrifuge 
tubes,  were  jiri'paretl  for  each  concentration  of  thyroxim*:  The  first  tube  contained  0.2  cc. 
of  mitochondrial  suspension,  4.3  cc.  of  0.25M  sucrost*  solution  in  0.01  M  phosphate 
buffer  (pH  7.4),  and  0.5  cc.  of  i.-thyroxine-Na  (British  Drug  Houses  Ltd.)  in  0.005  .M 
NaOH.  Th.vroxine  was  prejiared  just  jirior  to  use.  The  second  tube  contained  the  same 
amounts  of  mitochondria  and  other  constituents  without  added  thyroxine.  The  third 
tube  contained  the  same  amounts  of  medium  as  the  first  tube,  but  no  mitochondria. 
In  the  first  tube  the  binding  reaction  took  jilace,  and  the  second  and  third  ones  were 
prepared  to  allow  correction  for  the  non-precipitate  of  mitochondrial  suspension  and 
for  a  check  of  total  thvToxine  concentration  in  the  inculiation  medium. 

Following  addition  of  the  mitochondria,  tlie  tubes  were  inverted  several  times  to 
ensure  an  even  disiiersion  of  the  mitochondria,  and  then  allowed  to  stand  at  ()-.5°  for 
15  min.  The  tubes  were  then  centrifuged  at  13,()()()Xg  for  10  min.  in  a  refrigerate(l 
ci'iitrifuge.  1-cc.  aliquots  of  supernatant  were  rliluted  10-fold  with  deionized  water  and 
their  ultra-violet  absorbanev  was  measured  at  a  v.avelength  of  228  mg.  The  ultraviolet 
absorption  curve  of  L-th\roxine  showial  a  maximum  at  228  mg  in  the  medium  con¬ 
taining  22.5  mM  sucrose,  0.45  mM  NaOH  and  0.9  mM  phosphate  (pH  7.4),  which 
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Fig.  1.  Binding  of  L-thyroxino  to  rat- 
liver  initochoiidria  as  a  function  of  the 
concentration  of  mitochondria.  Thyroxine 
concentration:  .5.0 X  10““M.  Mitocliondria: 
0.0.5  cc..  0.1  cc..  0.2  cc.,  0.4  cc.,  0.7  cc. 
ainl  1 .0  cc. 


were  the  final  concentrations  after  dilution.  The  concentration-optical  density  curve  is 
linear  in  a  thyroxine  concentration  raiiRe  of  10“®  to  0X10~®M.  The  dilution  made  the 
ultraviolet  ahsorhancy  of  the  non-jirecipitate  of  mitocliondrial  suspension  very  small 
(below  0.1  in  ojitical  density)  and  thus  enahh'd  measureiiK'iit  of  the  thyroxine  concentra¬ 
tion  independent  of  the  non-precipitati'  of  mitochondria.  The  concentration  of  thyroxine 
h‘ft  in  the  supernatant  was  obtained  by  subtractin}>:  the  readin};;  of  the  tube  containiiiff 
only  mitochondria  from  the  readinjf  of  tiu*  tube  containing  mitochondria -bthyroxine. 
From  the  value  thus  obtained  and  the  amount  of  total  thyroxine  added,  the  amount  of 
thyroxine  precipitati'd  in  contact  with  mitochondria  was  calculated.  A  sinsh*  prejiara- 
tion  of  mitochondria  obtained  from  the  liver  of  an  individual  rat  was  used  for  each 
exiieriment.  All  results  in  this  pajier  were  confirmed  by  reiieating  each  experiment  at 
least  four  times.  Results  were  expressed  as  m.M  bound  or  m.M  bound  per  mg.  of  protein- 
N  of  the  mitochondria. 

RESULTS 

U ptake  of  thyroxine  by  mitochondria  from  normal  rats 

Figure  1  .shows  tlie  effect  of  changing  tlie  numbr  of  mitochondria  in 
the  inenhation  medium.  The  amount  of  thyroxine  hound  was  increased 
gradually  hnt  significantly  with  the  increase  in  the  number  of  mitochondria 
over  the  entire  range  studied. 

The  binding  of  thyroxine  to  mitochondria  at  concentrations  of  thyroxine 
ranging  from  2.0  to  (i.O  X 10  ’’M  is  illustrated  in  Figure  2.  A  linear  relation¬ 
ship  between  the  amount  of  thyroxine  l)ound  and  the  concentration  in  the 
medium  was  ob.served  over  the  whole  range  of  thyroxine  concentrations. 
It  was  interesting  that  the  experiment  was  repeated  six  times  and  almost 
tlie  same  slope  obtained  each  time. 

4 
z 

Fig.  2.  Binding  of  i.-tliyroxinc  to  liver  ^ 

mitochondria  from  normal  rats  as  a  func-  S“- 
tion  of  thyroxine  concentration  (2.0  X  z -I  2 
10“®M  to  (i.OXlO'AI).  Medium  and  in-  go 
cubation  procedure  as  defim'd  in  the  text.  J  “  i 
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Fig.  3.  Hiiidinff  of  L-tliyro.vim*  to  livi'r 
mitochondria  from  cold-cxposcd  rats  as  a 
function  of  thyro.xine  concentration 
(2.0X10“^M  to  (i.OXlO^^M).  Medium  and 
incubating  jiroccdurc  as  defined  in  tlie 
text.  Open  circle,  cold-exposure  for  o 
hours;  chised  circle,  cold-exposure  for  S 
hours. 
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Injiuence  of  cold  exposure  on  the  mitochondrial  uptake  of  thproxine  as  a 
function  of  thyroxine  concentration 

Witli  initochoiidria  from  rats  refrigerated  for  2  hours,  degree  of  thyroxine 
binding  as  a  function  of  thyroxine  concentration  increa.sed  linearly,  as  in 
the  case  of  normal  controls.  But,  by  prolongation  of  cold-exposure  to  5 
hours,  there  appeared  a  decline  in  the  rate  of  increase  of  bound  thyroxine 
at  the  higher  concentrations  (Fig.  8).  This  was  also  apparent  with  mito¬ 
chondria  from  rats  cold-expo.sed  for  8  hours  (Fig.  8).  In  this  case,  the  uptake 
of  thyroxine  was  maximal  at  8x10“'AM,  above  which  the  increase  in 
concentration  did  not  significantly  increa.se  the  amount  of  thyroxine  bound. 
These  results  indicacted.  that  the  number  of  available  binding  sites  in 
mitochondria  isolated  from  refrigerated  rats  wa.s  smaller  than  in  those 
from  normal  controls.  It  was  supposed  that  this  decrease  in  the  number  of 
available  binding  sites  in  refrigerated  rats  was  due  to  partial  in  vivo  pre¬ 
saturation  of  the  binding  sites  by  thyroxine  or  other  competitive  .sub- 
.stances.  As  noted  in  the  introduction,  the  first  problem  was  whether  or 
not  this  pre-saturation  of  mitochondrial  binding  sites  was  dependent  on  an 
elevated  thyroid  hormone  level  in  the  circulation.  Therefore,  this  question 
was  investigated  in  hyper-  and  hypothyroid  rats  with  and  without  cold- 
exposure  for  o  hours. 

Bittding  of  thyroxine  as  a  function  of  thyroxine  concentration  in  mitochondria 
from  the  hyperthyroid  rat 

If  the  decrease  in  number  of  available  binding  sites  observed  in  mito¬ 
chondria  from  normal  refrigerated  rats  was  due  to  a  hyperthyroid  state, 
then  the  mitochondria  isolated  from  thyroxine-injected  rats  should  behave 
as  tho.se  from  refrigerated  rats.  As  illustrated  in  Figure  4,  this  was  not  the 
case.  A  linear  relationship  was  ob.served  between  the  amount  of  bound 
thyroxine  and  thyroxine  concentration,  indicating  that  the  number  of 
available  binding  sites  was  not  different' in  hyperthyroid  than  in  normal 
control  rats  in  so  far  as  could  be  determined  with  the  concentrations  used. 
Another  interesting  result  was  that  o  hours  of  cold-expo.sure  did  not  exert 
an  appreciable  influence  on  the  binding  ability  of  mitochomlria  from  the 
hyperthyroid  rats  (Fig.  4). 
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Fig.  4.  of  L-tliyroxiiic  to  liver 

luitochoiulria  from  hyjM'rthyroid  rats  as  a 
function  of  tliyroxinc  concentration.  OjM'n 
circle,  hyiierthyroid  control;  closed  circli-. 
hypertliyroid  rats  cold-exposed  for  5  hours. 


landing  of  thgroxine  ns  n  function  of  Ihijroxinc  concenlralion  in  the  hgpo- 
thyroid  rat 

Contrary  to  the  results  obtained  using  liyperthyroid  animals,  the  mito¬ 
chondria  isolated  from  hypothyroid  rats  showed  a  lower  rate  of  thyroxine 
uptake  than  the  control  at  the  higher  concentrations  (Fig.  o).  This  result 
indicated  that  the  methylthiouracil  treatment  re.sulted  in  a  decrease  in  the 
number  of  available  binding  sites,  presumably  through  presaturation  in 
vivo.  It  must  be  noted  here  again  that  5  hours  of  cold-exposure  did  not 
cause  a  further  alteration  in  the  behavior  of  binding  sites  in  mitochondria 
from  hypothyroid  rats  (Fig.  5). 

uiscussiox 

According  to  Tapley  and  Basso  (15),  the  relationship  between  thyroxine 
concentration  and  the  amount  of  thyroxine  bound  by  rat  mitochondria  was 
linear  at  low  thyroxine  concentrations  (less  than  10’®M);  however,  with 
higher  concentrations  of  thyroxine  (10“^  M  and  higher)  the  rate  of  increase 
of  bound  thyroxine  le.s.sened  with  increasing  thyroxine  concentration.  This 
was  interpreted  as  the  result  of  a  progres.sive  saturation  of  the  available 
binding  sites.  In  the  present  work  with  normal  rats,  in  contrast,  a  linear 
relationship  was  olxserved  between  the  amount  of  bound  thyroxine  and  the 
thyroxine  concentration,  using  a  range  of  thyroxine  concentrations  in 
which  Tapley  and  Basso  (15)  found  progressive  saturation.  Since  their 
interpretation  is  plausible,  mitochondria  which  exhibit  saturation  of 


Fig.  o.  Himlinn  of  L-thyroxiiu*  to  liver 
mitochondria  from  liyjmthyroid  rats  a 
function  of  thyroxine  concentration.  Open 
circle,  hypothyroid  eontrol;  closed  circle, 
hyjMtthyroid  rats  cold-exposed  for  o  hours. 
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thyroxine  binding  must  have  a  smaller  number  of  available  binding  sites 
than  mitochondria  which  show  a  linear  increase  in  thyroxine  binding  under 
the  same  experimental  condition. 

The  experimental  procedure  in  the  present  work  is  quite  different  from 
that  of  Tapley  and  liasso.  The  discrepancy  between  the  present  results  and 
theirs  may  have  residted  from  either  or  both  of  the  following  ditferences: 

First,  with  the  method  of  Tapley  and  Basso,  it  is  inevitable  that  loosely 
bound  thyroxine  is  removed  with  washing.  With  the  method  reported 
here  however,  it  is  impossible  to  separate  loosely-bound  thyroxine  from 
that  which  is  firmly  bound. 

Second,  differences  in  season  or  other  environmental  conditions,  or 
genetic  differences  in  rats  may  have  existed. 

Fvidence  has  been  presented  in  this  paper  that  the  number  of  available 
binding  sites  of  liver  mitochondria  is  decreased  if  the  normal,  intact  animal 
is  exposed  to  cold  for  .several  hours.  These  data  on  thyroxine  binding  by 
liver  mitochondria  resemble  those  obtained  by  Tapley  and  Basso  in  normal 
(not  cold-exposed)  rats,  u.sing  the  same  range  of  thyroxine  concentration. 
The  reason  for  this  discrepancy  is  not  known. 

In  the  light  of  previous  investigations  of  reduced  circulating  thyroid 
hormone  in  cold-exposed  animals  (2,  7-18),  the  pre-saturation  of  binding 
sites  in  refrigerated  rats,  is  considerefl  to  be  due  to  the  increased  m  vivo 
uptake  of  endogenous  thyroxine  or  other  thyroid  hormones  by  the  mito¬ 
chondria.  And  it  was  demonstrated  in  the  present  work  that  such  an 
increa.sed  thyroxine  uptake  in  refrigerated  rats  is  not  dependent  on  the 
hyperthyroid  state,  thus  supporting  the  theory  that  increased  peripheral 
utilization  of  thyroid  hormone  precedes  increased  secretion. 

However,  an  unexpected  finding  in  this  study  namely,  that  the  de¬ 
crease  in  the  number  of  available  binding  sites  of  mitochondria  from 
hypothyroid  rats  was  .similar  to  that  in  cold-exposed  rats — indicates  that  a 
complicated  physiological  mechanism  is  involved  in  uptake  of  thyroid 
hormone  by  liver  mitochondria  in  vivo.  Full  elucidation  of  this  mechanism 
is  impo.ssible  at  present,  but  the  increa.sed  thyroxine  uptake  of  mitochon¬ 
dria  in  the  liver  of  both  refrigerated  and  hypothyroid  rats  may  be  con- 
.sidered  an  adaptive  response  for  retaining  the  available  thyroid  hormone 
in  the  peripheral  ti.s.sues  under  conditions  that  re(iuire  an  increa.se  in  or 
preservation  of  metabolic  rate.  The  evidence  that,  in  hyperthyroid  rats, 
cold-exposure  did  not  exert  further  influence  on  the  number  of  available 
binding  sites,  .suggests  that  the  adaptive  response  mentioned  above  is  not 
operative  when  there  is  a  high  level  of  circulating  thyroid  hormones. 

Better  understanding  of  these  phenomena  remains  to  be  gained  in 
future  studies. 
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THK  KFFl-XT  OF  l-(/>-2-l)lFTIlYLAAI IXOimiOXY- 
PHFXYL)-l-PHFXYL-2-/>-AXISYL  FTIIAXOL  UPOX 
RAT  PITUITARY  AXI)  UTFRIXF  RKSPOXSFS 
TO  FSTROGFXi 

AHTHUH  CUTLFR,  WILLIAM  B.  OBFB,  JFAXXF  A. 
1-:PSTFIX  AM)  HFBBFHT  S.  KUPPFRMAX 

l)<  ptirtnu  nts  of  Tlierafx  otirs  oud  M(  (Heine,  Xeie  York  I'niver.siti/  Medical  Ceider, 

Seic  York  ('Hu  and  K nieki rhoeker  Uoxpilid,  Sew  York,  X. 

AMSTI{A('T 

Tlu‘  pituitary  hypertrophy  whieh  was  reatlily  indueed  in  rats  l)y  ehronic 
adiniidstration  of  (“stradiol  valerate  was  iidiil)ite(l  hy  the  eoiieoinitaiit  ad¬ 
ministration  of  !-(/)- 2-diet  hy  la  ininoetlioxyplienyl)-l-phenyl-2-/>-anisyl  etlianol 
(MLH-25),  an  analogue  of  eldorotrianisene.  AIieroseoi)ie  examination  of  tlie 
pituitary  ttlauds  of  the  aidmals  reeeivinn  estro}>;ens  show(‘d  a  ehromopliolx^ 
liyi)er|)lasia  with  no  evidence  of  an  associated  mammary  liypt'itntpliy.  'I'lie 
eomhined  adiniidstration  of  MI]l{-2r)and  estradiol  in  doses  whieh  individually 
indueed  inhihition  in  parabiotic  rats  resulti'd  in  a  failure  of 

MKH-2o  to  block  the  pituitary  inhibitiiifi  effect  of  estradiol.  'I'lie  pituitary 
fllands  of  both  the  sinjile  and  parabiotic  rats  which  received  only  estro<;;(‘n  were 
found,  upon  bioassay,  to  be  extraordinarily  rich  in  nunadotropin  content.  ’I'liis 
indicated  that  estroy:en  blocks  the  release'  rather  than  the  iiroduction  of  {Gonado¬ 
tropins.  In  vitro  studies  utilizing  uterine  stri|)s  rc'veal  that  siiecimi'iis  obtaiiu'd 
from  spayed  rats  treat('<l  with  estradiol  and  MLH-2')  showed  a  decrease  in 
amplitinh'  of  eontraction  as  compari'd  to  tissues  obtained  from  animals  receiv- 
iiifj  estradiol  alone.  Iiiterestinuly  enounh,  the  iiterim'  wi'i^hts  of  animals  receiv- 
in}>;  combined  injections  of  M  KH-25  and  ('stradiol  vah'iatt'  we'ijGlii'd  h'ss  than  the 
uteri  of  animals  re'ci'iviiifG  ('stradiol  alone.  It  may  be  eoncliuh'il  from  tlu'sc'  data 
that  .MKH-2o  is  an  anti-c'stroKi'iiic  ('ompound  in  sonu'  n'sjx'i'ts  but  not  for  all 
modalitii's  of  estrojjc'iiie  activity. 

l-(/>-2-(li('tliylaniino(*tlK)xypli('iiyl)-l-plK*iiyl-2-/)-ani.syl  otliaiiol  (MIMI- 
‘25),  an  analogiu'  of  the  .syntludic  (‘strogc'ii  tri-/)-anisyl  chloroi'tliyh'iu* 
(TACIA  (Fig.  1),  has  Ix'on  reported  to  antagonize  the  effects  of  Loth  (‘iidog- 
(‘iioiis  and  exogenous  estrogc'iis.  Various  studies  witli  rats  liav(‘  demon¬ 
strated  tliat  MKR-25  prevents  e.strogen-induced  pituitary  iiypertrophy, 
prevents  castration  hypertrophy  of  the  pituitary,  prevents  estrogen-in¬ 
duced  morpliologic  changes  in  tlie  pituitary,  does  not  alter  pituitary  gon¬ 
adotropin  content,  and  produces  gonadotropin  inhihition.  MlOR-25  lias 
also  been  shown  to  iidiihit  estrogiai-induced  uterotropic  (dfects  and  vaginal 

U('coived  Novemlx'r  10,  1900. 

*  Supporti'd  in  part  by  a  grant  from  the  t’uited  State.s  Public  Hc'alth  Service,  Grant 
RG-5162(C1). 
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coniification  as  well  as  iionnal  zymotic  <l(‘V(*l<)|)in(“iit  (o,  lo,  D>,  2)i).  More¬ 
over,  lu'itlu'r  androficMiie  nor  progestational  aetivities  hav(*  b(‘en  <l(‘inon- 
strated  with  tiiis  compound  (9,  16).  The  studies  n'ported  h(*rein  were 
undertaken  to  confirm  ancl  extend  tlie  works  cited  in  tlie  hope  that  furth(*r 
investigation  of  the  potentialities  of  this  (‘strogen  antagonist  might  prove 
us(*ful  in  (“lucidating  the  mechanisms  of  action  of  ('strogcMis.  OhscMvations 
wer(‘  made  on  tin*  effects  of  .Mhd{-‘2.5  upon  thr(‘(‘  w('ll-docum(‘nted  modal¬ 
ities  of  estrog(“nic  activity:  tlu*  induction  of  pituitary  hypcatrophy  in  rats 
by  chronic  (‘strog(“n  administration,  the  inhibition  of  gonadotropins  by 
estrogen  as  d(“monstrat(‘d  by  the  parabiotic  rat  t(*chni(|ue,  and  the  (*strog(“n 
(‘nhancenuMit  of  rat  ut(“rine  contractions  in  vitro. 

TACE 

TRI-p-ANISYL  CHLOROETHYLENE 


l-(p-2-OIETHYLAMINOETHOXYPHENYL)-l-PHENYL-2-p-ANISYL  ETHANOL 


Fi<;.  1.  Stniftural  forimilac  of  TACK  and  M 


MATERIALS  AND  METHODS 
I'Hiiiturii  II iif)t  rtroiihn  in  hitiid  Adult  r<  nude  lf(d.'< 

Tlit“  (“ttVct  of  MK.R-2r)  upon  tlie  pituitary  hyportropliy  induct'd  tty  cliroidc  (‘stro}i;cn 
atliniidstration  was  evaluated  Ity  usiiif?  four  experimental  groups  of  intact  youiifj  adult 
100  tjrani  female  alhino  rats.  Tlie  first  f^roup  remained  untreatt'd;  0.2  mu.  estradiol 
valerate  per  week  was  admiiustered  to  uroup  two;  Ki'uup  three  was  injeett'd  daily  witli 
■).0  nifi.  .MKR-2.j;-  and  the  fourth  ^roup  was  niven  eomhined  estradiol  and  .MKR-2.") 
therapy  in  the  same  respective  doses.  .Ml  injections  were  administered  subcutaneously 
in  volumes  of  0.2  cc.  jter  dost'.  .Vutttjtsies  fttr  ttruan  wt'if!;hts  were  perfttrmeil  at  montlily 
intt'rvals  frtiin  months  thret'  tt»  eif;ht  of  treatment.  Rei)resentative  pituitary  Klantls  were 
fixetl  in  10^  fttrmalin  anti  histolttsical  sectittns  were  stainetl  with  .Masson’s  trichrttme  anti 
hematttxylin  anil  eosin. 

Since  even  relatively  short  tt'im  estrogen  ailministration  can  elicit  hyi)ertrophic 
chanties  in  tlii'  rat’s  iiituitary  anil  a  nualitative  rathi'r  than  precise  (luantitative  evalmi- 
tion  of  the  effect  of  the  various  tri'atments  upon  pituitary  fionailotropins  was  tlesireif,  a 

■’  .MKR-25  was  generously  supplieil  hv  Dr.  Robert  II.  .Mc.Master  of  the  Deiiartment 
itf  Meilical  Research  of  the  William  S.  Merrell  (’ompany,  Cincinnati,  Ohio. 
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second  series  of  tlie  same  four  treatment  •froui)s  was  treati'd  for  two  months  to  ol)tain 
r(‘|)r(‘S('ntative  f>rou|)s  of  pituitary  filands  for  I'hese  liypopliyses 

were'  poolc'd  aeconlin<>  to  tlierapy,  inaetMated,  and  suspended  in  alkaline  saline*.  'I'lieir 
>jonadotroi)in  content  was  assaye<l  in  twenty-one  day  old  female  white  ndee  which  were 
injected  suhcutaiu'ously  twice  ))er  day  for  two  and  one  half  days  with  0.2  cc.  \ olumes  of 
the  concentrated  .solutions  or  appropriate  dilutions.  The  mice  were*  sacrificed  twenty- 
four  hours  after  the  last  injection,  and  the  uteri  were  excised  and  weijihed. 

(ioiKnlotropin  Inhibition  in  Porabiotic  Rntu 

<  lonadotropin  inhihitiiifj  etfi'cts  of  estrofjc'n  and  alone  ami  in  <  <)mhination. 

were  studied  in  thirty-one  day  old  male  albino  rats  which  were  castrated  and  |)aral)iosed 
to  intact  b'lnale  litterinates  accordiii};  to  the  techni([ue  of  Hunstc'r  and  .Meyer  (d)  as  mod- 
ifii'il  by  .Meyt'r  and  Hertz  (20).  Heffinninfj;  with  the  day  of  o|)eration,  the  mah*  parabionts 
wen*  injected  subcutaneously  once  ])er  day  for  ten  days  with  either  olive  oil,  0.2o  incjj. 
estradiol  benzoate,  10.0  111^.  MKH-2o,  or  a  combination  of  estradiol  and  .MKR-2'),  each 
in  0.2  cc.  volumes.  These  doses  were  selectc'd  because  tlu'y  inhibited  tin*  f^onadotropin 
hyperseen'tion  oidy  i)artially.  The  aidmals  were  sacrificed  on  the  c'leventh  day,  ami  the 
ovari(‘s  of  the  intact  female  ])arabionts  were  n'lnoved  and  weif>hed.  Pituitary  >;lands  w(‘re 
removed  from  the  treated  male  partners  and  macerated  for  sonadotropin  assays  i)er- 
formed  as  described  ])reviously. 

Spontnneon.s  Rat  Ctcrine  ('ontrartions  in  X'itro 

To  study  tin*  c'ffc'ct  of  Ml')H-2o  ui)on  spontaneous  rat  uterine  contractions  in  vitro. 
s|)ayed  female  rats  wei}>;hin};  170-2.‘10  ^m-  "(“re  injeett'd  sulx'utaneously  one  W(‘ek  after 
surgery  for  three  days  with  (‘ither  1.0  pg.  estradiol  per  day,  5.0  mg.  MEU-25  per  day,  or 
a  combination  of  both.  Tin*  rats  w(>re  sacrific(“d  on  tin*  fourth  day  by  a  blow  on  tin*  hearl. 
I’ti'ri  were  n'lnoved  i)romptly  and  longitudinal  strips  were  suspended  in  muscle  baths 
containing  50  ml.  of  Locke’s  Ringer’s  solution.  .Vir  was  bubbh'd  through  tin*  baths  niiiin- 
tained  at  a  constant  temj)(‘rature  of  50.5  to  57°  (’.  and  contractions  w»‘re  recorded  on  a 
slow  moving  kymograph. 

KESl’LTS 

Pilin'tar!/  II ijpcrlropli!/  in  IntncI  Adult  Female  Rats 

I’^xainination  of  tlio  data  revealt'd  that  orgiaii  weight  change's  in  each  of 
the  tr(*at(*d  groups  liad  reaclu'd  a  plateau  effect  at  the*  third  niontli,  and 
n'latively  little  change  occurrc'd  th(“r(“aft(“r  for  the  duration  of  the  study. 
Figure  ‘2  demonstrates  this  point  for  the  pituitary  gland  wt'ights  of  the  rats 
inj('ct(“d  with  (“sfradiol  alone  and  (“stradiol  plus  Ml'dl-’i.’)  for  (“ach  of  the 
six  autopsy  p(*riods.  hiach  bar  on  the  graph  ri'prc'sents  th(“  av(“rag(“  of  n'sulls 
from  four  animals.  Since*  e)rgan  we'ights  we-re*  r(‘lativ(‘ly  consist e-nt  ovc'r  the 
six  month  pe'riexl  e)f  study  with  no  pe-rsistent  upwarel  or  downward  tre'iid, 
siibse'eiiu'nt  elata  are*  ce)mpar('el  acce)reling  te)  r(“sp(“e*tiv(“  the'rapy  regarelle.ss 
e)f  its  duration. 

Table*  1  ])r(“.s(‘nts  the-  data  em  the*  e‘ffect  e)f  the  varie)us  (yj)es  of  tre>atment 
upon  the  j)ituitary  gland  we'ights.  Ivstradiol  e“au.s(“d  the  antie‘ipate“el  ])itu- 
itary  hypert re)])hy,  the  ave'rage  we*ight  e)f  the  pituitaries  Ix'ing  tour  tinx's 
that  e)f  the*  e-ontrols.  .Ml‘'d\-2')  did  not  inelue*(*  hyp(*rl re)])hy  by  itself,  but 
rathe*!'  it  signitie*antly  r('duc(*d  the*  pituitary  weights  be*low  cemtre)!  le‘V(*ls 
(P=  <0.()1).  In  combination  therapy,  .Ml'dl-’i")  gre'atly  antagonize'd  be)th 
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02  MGM  ESTRADIOL  VALERATE 

02  MGM  ESTRADIOL  VALERATE 
PLUS  3S  MGM  MER-2S 


Fig.  2.  Tlic  cffcc-t  of  upon  (‘strailiol-iniliiccd  iiituitary  hypcrtropliy  in  rats. 


the  mross  and  morphological  effects  of  (‘stradiol.  The  average  \v(*ight  of 
th(‘!S(‘  hypophy.s(*s  was  S()%  gr(*at(‘r  than  that  of  control  pituitaries,  hut 
h'.ss  than  one  half  the  w(“ight  of  the  glands  from  estradiol-treated  rats. 
S(‘ctions  of  typical  pituitary  glands  obtained  at  autop.sy  are  shown  in 
Figur(‘  d.  The  gland  of  an  animal  tnuited  with  -Mhd{-2')  differs  little  from 
that  of  an  untr(*ated  rat.  Tlu*  pituitary  gland  of  a  rat  tr(‘at(*d  with  estradiol 
('xhihits  degranulation  and  an  incr(‘as(‘  in  tin*  number  of  chromophobes. 
Th(‘  cellular  morphology  of  a  gland  from  an  animal  given  combiiu'd  estra¬ 
diol  and  Ml-iH-2.')  tlunapy  is  int(‘rm(*diat(“  betwe(*n  th(‘  responses  to  estra¬ 
diol  aloiK'  and  MhiH-io  alom*. 

Ovarian  weights  of  the  rats  tri'ati'd  with  M 1011-2")  w(‘r(*  h'.ss  than  tho.si* 
of  untreat(‘d  control  rats  (Tabh'  1).  lOstradiol,  at  tin*  dose  employc'd,  caused 
an  ev(*n  great(*r  diminution  in  ovarian  size.  The  ovarian  weight  reduction 
by  estradiol  was  relatively  unalt(*red  by  the  concomitant  administration  of 
Mi:il-2r)  (P=  >0.0.")). 

Uterine  weights  (Tabh*  1)  were  naluced  below  control  h'vels  by  M 10 11-2") 
which  also  inhibited  tlu*  uterotropic  effects  of  estradiol. 

'r.\BI.K  1.  ThK  KKFKCT  of  MI'.1{-2.5  ri-ON  hats  CIIKUMrAI.I.Y  THKATFU)  WITH  FiSTRADIOl, 


Mean  orfjaii  weights  ±staiHlar<i  error 


Treat  ineiit 

-1 

1  )ose  per 
week 

No. 

of 

rats 

t  )v'aries 

I'terus 

Pituitary 

inn. 

inn.  s.i:.  , 

inn.  S.K. 

Xone 

8 

.V.l.2±.).2 

202.1  ±2.').0 

0.0  ±0.03 

F.stradiol  \’alerate 

0.2  inn. 

21 

12.2  ±  1  .3 

3l).‘).4  ±  18.3 

40.2  ±3..") 

3.')  inn. 

12 

38.4  ±4.0 

l.")4.2±  10.7 

8.1  ±0.0.") 

l']stra(iiol  N'alerale 

0.2  inn- 

1 

ami 

c 

i 

17.')  ±  1  .0 

2.')0.0±  7.2 

10.2  ±1.1 

.\I  l■;K-2.i 

3.")  inti.j 

i 

1 

1 

s 


Fig.  Pliotoniici'Gfiniplis  of  aiitorior  lolics  of  pituitary  <;laii(ls  from  clironically 
troatod  adult  rats. 

Xo  tr<‘atm(‘ut;  iiormal  rat  pituitary  jjland.  10','  forinaliM.  .Masson’s  triclironu' 

1200X. 

H.  .’1.')  lUff.  .MlM{-2.')  per  week;  tliis  pituitary  ditfVrs  little  from  tlie  y:laMd  <if  an  iin- 
treate<l  animal.  I0'%,  formalin.  Hematoxylin  and  Fosin.  l20t)X. 

('.  0.2  111};,  estradiol  valerate  per  wi'ek;  note  tin*  de};ranulation  and  increase  in  tlie 
numher  of  chromophobes.  10%  formalin.  Hematoxylin  and  iiosin.  1200X. 

I).  0.2  mg.  estradiol  valerate  plus  35  mg.  MER-25  per  week;  the  morphology  is  inter¬ 
mediate  between  the  responses  to  estradiol  alone  and  M1;R-25  alone.  10%  forma¬ 
lin.  Masson’s  triehrome.  1200X. 
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In  tli<'  fionadotropin  assays  (Fip;.  4)  it  was  found  that  tlu*  pituitary 
f>;lands  of  rats  wliich  liad  hocn  inject(*d  with  estradiol  contained  twenty 
mouse  uterine  units  of  gonadotropin.  A  mous(‘  uterine  unit  of  gonadotropin 
is  the  least  amount  of  extract  which,  wlam  administ(*red  to  immature  fe¬ 
male  mice  in  five*  injections  over  a  period  of  two  and  oiu*  half  days,  will 
increase  their  ut(‘rin(*  weights  to  twice  that  of  an  uninjected  animal.  Pitu- 
itari(‘s  from  the  M  ld{-2o  tr(>at(“d  group  contained  2.5  mou.se  units  per  gland 
as  did  tho.se  from  the  untn'ated  rats.  Hypophyses  of  animals  which  had 
l)e(“n  given  comhim'd  (‘stradiol  and  Ml‘iK-25  therapy  contaiiu'd  le.ss  than 
2.5  mous(‘  units  of  gonadotropin  p(‘r  gland.  Since*  the  as.say  method  utilized 
.serial  1:1  dilutions  of  pooh'd  pituitary  extracts,  these  n'sults,  pe'r  gland, 
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Fig.  4.  (lonadotropin  content  of  pituitary  glands  of  rats  treated 
with  estradiol  and  MER-2o.  Mean  values. 


an*  intended  to  demon.stratt*  only  that  the  gonadotropin  cont(*nt  of  a 
pituitary  gland  from  an  (*stradiol-tr(*at(*d  animal  was  much  gr(*ater  than 
tiu*  content  of  a  control  gland.  A  pr(*ci.se  (piantitation  is  not  to  lx*  implied. 

(ronadotropin  Inhibition  in  Parabiotic  Ratft 

At  the*  do.s(*.s  u.s(*d,  estradiol  lx*nzoat(*  and  Ml'iH-25  (*ach  r(*duc(*d  tlx* 
ovarian  hypertroj)hy  in  the  intact  f(*male  parabionts  to  lx*  .slightly  more* 
than  half  tlx*  weights  of  tlx*  ovari(*.s  of  tlx*  control  parabionts  (Table  2). 
Combined  (*stradiol  and  Ml‘'dl-25  tlx*rapy  app(*ar(*d  to  r<*duc(*  tlx*  ovarian 
w(*ights  (*v(*n  more*  than  (*itlx*r  drug  did  individually.  How(*v(*r,  this  further 
<l(*cr(*as(*  prov(*d  statistically  insignificant  (P=  >0.1). 

( lonadotropin  assays  p(*rfornx*d  in  tlx*  same*  manner  as  with  the  jiituitary 
glaixls  from  the  intact  single  rats  iixlicati*  that  ('stradiol  and  MHH-25, 
individually  or  tog(*th(*r,  incr(*as(*d  tlx*  gonadotropin  cont(*nt  of  the  pitu¬ 
itary  glands  of  tlx*  castrate*  mah*  paraliionts  above*  e*e)ntrol  le*ve*ls  (Table  2). 
lle)we*ve*r,  lx*e*au.se*  e)f  variation  in  bieia.s.say,  rigid  epiantitatie)n  was  mit  in- 
teneled. 
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Taklk  2.  Tiik  of  M1CH-2o  fpon  fakabiotic  hats  tkkatkd  wirii  kstkaoioi. 


1 

Treatment  1 

i 

Dose  per  ; 
day  j 

No. 

of 

pairs 

Intact  jiarahioiit 
Ovarian  weimlits  1 

Mean  values  ±  stand¬ 
ard  error  (mm.)  j 

(lomulectomized 
parabiont 
Fituitarj’  assays 
mouse  units  of  monado- 
tropin  per  mland 

Oil  Medium 

10  1 

ns.tl±  7.0 

2.0 

listradiol  Henzoate 

O.2.")  mesj.  1 

14 

'  t).A .  .5  ±  10 .  .■) 

1  4.0 

.M1;1{-2.a 

10  mm. 

10 

i  1)4.0  ±  O.t) 

>4. 1X8.0 

i'istradiol  Henzoate 
and 
.mi;h-25 

i  ((.2.A  mem.l 

10  mm.  1 

41). 4  ±  '.).:i 

>  1 .1X8.0 

SpoiitdiicouH  Rat  Uterine  ('ontrnetions  in  Vitro 

Siiu*(‘  precise  duplication  of  length  and  thickness  of  the  inusch'  strips 
was  impossihle,  it  was  deemed  inadvisa))l(*  to  compare  tlu'  response's  on  a 
numerical  basis,  l)Ut  rather  to  view  re'pn'sentative  contraction  patterns  of 
the  entire'  tre'atment  groups  (Fig.  o).  It  is  known  that  there  is  cemsielerahle! 
variation  in  the'  respemses  of  inelivielual  ute'rine  strips.  Ilowe've'r,  pre'tre'at 
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THE  EFFECT  OF  ESTRADIOL 
AND/OR  MER- 25  UPON  RAT 
UTERINE  CONTRACTIONS 
IN  VITRO  . 
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Fie;.  .A.  'I'Ik'  cffi'ct  of  ('stratliol  and  or  .\IKH-2.')  upon  rat  uterine 
eontraetions  in  vitro.  1  ein.=  1.2  ininutc's. 
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nu'iit  with  estradiol  dcfinitc'ly  enhanci'd  utc'rino  contractions  in  oS  of  (V2 
strips.  1.1.0  infi;.  of  .Ml'dl-2.")  reduced  tlie  amplitude'  of  control  contractions 
in  10  of  10  strij)s  and  significantly  antagonized  the  ('stradiol  etlect  in  all 
of  the*  17  stri])s  from  rats  prinu'd  with  both  compounds.  RO.O  mg.  of  .Ml'dl- 
2.1  given  in  combination  with  :i.t)  meg.  of  estradiol  furtla'r  inhibited  th<' 
amplitude  and  fre'ejuency  of  contractions. 

DISCUSSION' 

Numerous  inve'stigators  have*  (h'scrilied  the  effects  of  ('strogi'ii  injections 
and  pi'llet  implantations  upon  the  rat  pituitary  gland.  The  r('sult.s  have 
ranged  from  .dight  enlargi'inent  of  the  gland  to  di.stinct  tumors  as  a  re.sult 
of  oiu'  month  to  more  than  a  year  of  treatment.  Si'veral  have  described 
th('  pn'dominant  cell  type*  of  the  hypi'rtrophic  pituitary  as  chromophobic 
(S,  l.'l,  14,  21,  22,  2(),  27)  and  others  as  acidophilic  (1,  (i,  7,  11,  12,  17,  19). 
Since  the  chromophih's  are  often  degranulated  and  hence  cannot  be  ac¬ 
curately  identified,  classification  of  the  hypertrophy  as  acidophilic  has  been 
liased  primarily  upon  the  observation  of  associati'd  mammary  gland  de¬ 
velopment  and  s('cr(‘tion.  Microscopic  examination  in  this  .study  of  the 
hypi'rtrophic  pituitaries  obtaiiu'd  from  rats  chronically  treated  with  estro¬ 
gens  showed  the  pn'dominant  cell  typi*  to  be  chromophobic.  Neither  the 
mammary  gland  hyperplasia  nor  milk  .secretion  which  have  been  ob.serv<'d 
with  continuous  estrogi'ii  stimulation  was  noted  (1,  0,  19).  This  discrep¬ 
ancy  may  be  diu'  to  differences  in  the  method  of  e.strogen  administration 
(weekly  subcut aiu'ous  injection  of  long  acting  e.sters  of  estradiol  versus 
pc'lh't  implantation). 

The  incr('as('d  gonadotropin  content  of  th<‘  pituitaries  of  the  treati'd 
animals  ovc'r  that  of  control  animals  notc'd  by  as.say  finds  some  confirma¬ 
tion  in  th('  literaturi'  (4,  10)  while  being  apparently  contrary  to  other 
ri'ports  (2,  10,  IS).  Nev(*rthel(*.ss,  tlu'  increasi'd  gonadotropin  levels  in  this 
.study  .suggi'st  that  ('strogen  exerts  part  of  its  gonadotropin  inhibitory 
('tb'cts  by  blocking  the  reh'ase,  rather  than  the  production,  of  gonadotropin 
i)y  the  hx'pophysis. 

M  ldv-2.5  significantly  antagonizi'd  the  est rogi'ii-induced  pituitary  hyper¬ 
trophy.  l)e.spit('  its  inlu'ri'ut  estrogenic  activity,  it  has  been  reported  that 
th('  ])ar('nt  compound  of  Mhd  1-2.7,  tri-p-anisyl  chloroi'thylene,  not  only 
antagonizes  this  action  of  other  estrogi'iis  but  also  does  not  cau.se  pituitary 
hypertrophy  in  rats,  although  it  it.self  is  estrogenic  (24,  2.7). 

A  decrea.s('  in  th<‘  average  ovarian  weights  of  the  MKK-2.7  treated 
animals  as  compari'd  with  control  weights  .suggests  at  least  partial  gonado¬ 
tropin  .suppn'.ssion  liy  Mldl-2.7.  This  gonadotropin  inhibitory  effect  of 
.MKH-2.7  is  also  di'inonstrati'd  in  the  parabiotic  rats  where  a  decrea.se  in 
the  ovarian  wi'ights  of  the  intact  female  parabionts  was  noted.  When 
administered  togi'ther,  Ml'dl-2.7  did  not  antagonize  the  gonadotropin  in- 
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Inhitioii  by  estradiol.  This  apparent  failure  of  Ml’ilv-'io  to  antaj?onizc  the 
(‘tfeet  of  estrogen  upon  fionadotropie  aetivily  inif^ht  lx*  anticipated  sine(‘ 
l)oth  compounds  hav<‘  b(‘(*n  shown  to  act  as  {Gonadotropin  inhil)itors. 

As  in  th(>  ehi’onie  study  with  the  sinjile  rats,  {sonadol ropin  assays  of  the 
])ituitary  {Glands  from  tla*  castrate*  male*  parabionts  indicate*  that  e*stro{Ge*n 
apparently  bleK*ks  the*  re*le*ase*  e)f  {Ge)naele)tre)i)in  fre)in  tlie*  hype)physis.  The* 
mechanism  by  which  Ml'dl-'i”)  lias  its  e*t‘fe*ct  was  not  re*solve'd  by  the*  {Gem- 
aelotropin  assays  sine*e*  the*  pituitarie*s  eif  parabionts  which  hael  be*e*n  in- 
je'cte*el  with  MFdv-2o  with  or  withenit  e*straeliol  we*re  founel  to  cemtain  hi{Ghe*r 
levels  of  {Gonaelotropin  while  a  lowe*r  {Gonaeledropin  conte'iit  was  femnel  in 
the  hype)physe*s  of  similarly  tre*ate*el  sin{Gle  rats.  This  eli.screpancy  may  be* 
due  to  elifferene*e's  in  the  {Gonaelotropic  pote*ncies  anel  hype)phys(*al-{Gonaelal 
interre*lationships  e)f  intact  aelult  fe*male*  anel  immature*  castrate  male*  rats. 

It  is  inte*re*stin{G  to  spe*e*ulate*  as  to  the  mechanism  by  which  AI!*iH-2.5 
reeluce*el  the  ute*rine  we*i{Ghts  of  untre*ate*el  as  well  as  estre){Gen-tre*ate*el  sin{Gle* 
intact  rats.  The  elru{G  may  have  a  elirect  inhibitory  e*f‘fect  upem  the  utero¬ 
tropic  activity  of  bedli  enelo{G(*ne)us  anel  (*xo{Ge*nous  e*stre){Gens.  It  is  also 
peissible  that  .MHll-2.5  re*elue*eel  ute*rine  we*i{Ghts  in  the*  intact  rats  not  emly 
by  anta{Gonizin{G  the*  e*ffe'cts  of  enele){Ge*nous  estro{Ge*ns  elire*e*tly  but  also  by 
its  ability  to  inhibit  {Gonaelotropins  and  the*re*by  seconelarily  re*elue*e*  enele){G- 
e*nous  e*stro{Ge*nic  proeluctieni. 

Further  e*vielence*  of  the*  ability  of  MFll-2.5  to  anta{Gonize*  e*xe){Ge*ne)us 
e.stro{Ge*ns  is  manife*ste*el  by  aelministration  eif  the*  elru{G  in  riro  anel  notin{G 
its  inhibitory  e-ffe*ct  upem  e*stre){Ge*n-ineluce*el  ute*rine*  e*e)ntractiems  in  vitro. 
Since  the*se*  rats  we*re*  spaye*el,  the*  possibility  that  the*  re*eluction  of  the* 
amplituele*  of  control  cemtractions  by  MFK-2.5  may  be*  elue  to  the  inhibitory 
e*tfe*ct  of  e'nelo{Ge*ne)Us  estre){Ge*ns  e*manatin{G  from  the*  aelre*nal  {Glanels  cemlel 
not  be  ruleel  out.  Furthe*r  stuelie*s  in  {Gemaelectomize'el  anel  aelre*nale*ctomize*el 
animals  woulel  be  ne*ce*ssary  to  confirm  this  hypothe*sis. 
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All  (lucks  showed  an  initial  diuresis  duiin,s>-  the  first  hour  after  saline  loadiiiij 
and  at  varyiiifj  times  duriiifj;  this  phase  the  onstd  of  nasal  st'cretion  occurred. 

'I'he  total  extra-renal  secretion  of  sodium  and  potassium  in  l■(‘sponse  to  a 
saline  htad  was  increas(‘(l  after  treatment  with  adrenocortical  steroids.  'I'he 
most  potent  hormone  in  this  resja'ct  was  aldostmanie. 

in  the  prestmee  of  exo}>;enous  adrimocortical  steroids  and  .VC'l'H  the  extra- 
renal  response  was  independent  of  the  ris(>  in  serum  sodium  as  a  result  of  the 
saline  load. 

'I'he  results  are  discussc'd  in  relation  to  similar  sti'.dies  with  teleost  fish. 

ORAL  and  panuitcral  adiniiii.stratioii  of  sodium  cliloridc*  to  (*(“rtain 
luarino  birds  has  been  shown  to  stimulate  an  (“xtra-nmal  (‘xcretion 
of  ('lectrolytes  (1,2,  d,  4).  This  r(>spou.s(*  appears  to  lx*  of  an  osmor(*}i;ulatory 
natun*  sinet*  intravenous  administration  of  suerose  will  also  tri}i}?er  tlx* 
meehanism  (o).  The  site  of  extra-r(*nal  ('xer(*tion  has  be('n  shown  to  be 
associated  with  the  pain'd  supra-orbital  slnnds  which  disehar{j;(*  tlu'ir  .secn*- 
tion  via  two  ducts  into  tin*  anterior  nasal  cavity  (2,  b).  This  fluid  may  lx* 
collect('d  as  it  appears  at  tlx*  (*xt(*rnal  nar(*s. 

It  has  b(*(*n  d(*monstrat(*d  that  tlx*  cormorant,  .s(*afiull,  jx'nfiiuin,  alba¬ 
tross  aixl  donx'stic  duck  an*  all  capable  of  (*xtra-r(*ual  (*xcr(*tion  of  (*xc(*ss 
sodium  chorid(*  in  tlx*  form  of  this  hif^hly  conc<*ntrat(*d  s(*cr(*tion  (2,  3,  4, 
7).  Since  this  nx'chanism  p(*rmits  tlx*  animal  to  n'lnain  in  wat(*r  balancr* 
it  is  of  consid(*rabl(*  survival  vahu*  to  tlx*  mariix*  bird  (*xjx)s<*d  to  a  hifj:h 
.salt  diet  for  prolonged  p(*ri(xls. 

The  oidy  otlx'r  nx'chanism  involving  the  (*xcr(*tion  of  lai-j>;(*  (juautitic's  of 
(*l(*ctrolytes  is  tlx*  ki(hx*y,  and  this,  to  a  large  (*xt(*nt,  is  uixl(*r  (*ndocriix* 

Receiv(*d  November  24,  lOtiO. 

’  'rids  work  was  supintrted  by  f>rants  to  one  of  us  (W.N.H.)  from  the  1'.  S.  .Atomic 
Knerny  (’ommi.ssion  (Contract  No.  .\T  (4r)-l)-i;jSI)  and  the  National  Hesearch  Council 
of  Canada. 

On  leave  of  absence  from  tlx;  Department  of  Zoology,  Cidversity  of  Sheffield, 
I'.ngland. 
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control.  With  thi.s  in  mind  tlicrcforc,  an  att(“mpt  was  inaih'  in  tlic  pr(‘S(‘nt 
investigation  to  elucidate  any  possible  endocrine  control  of  the  extra-renal 
proc(‘ss(*s  in  the  salim*  loaded  domestic  duck.  Karlier  studies  by  Schmidt- 
Xi(“lsen  and  his  co-workers,  indicated  that  ])arasympath(‘tic  stimulation 
of  the  supraorbital  glands  in  the  Herring  (bill  (Imkus  (in/cntatiiN)  was  ac- 
comj)ani(‘d  by  nasal  s(‘cretion  (.)).  This  would  appi'ar  to  be  a  vasomotor 
r(“sp()ns(‘  but  th(‘  active  transport  of  sodium  may  be  und<‘r  hormonal  con¬ 
trol. 


MATERIALS  AM)  METHODS 

All  birds  used  throujcliout  these  experiments  were  tl-  12  week  idd  male  domestic  ducks 
of  the  Peking  white  variety.  They  were  fed  daily  with  commercial  ‘‘duck  grower  food’’ 
and  giv(‘n  an  ad  lihilinn  supjdy  of  fresh  water.  The*  ten  control  birds  and  each  experimen¬ 
tal  group  of  i)  animals  were  starved  for  24  hours  before  use.  A  wing  vein  was  cannulated 
and  the  bird  was  heparinized  1  hours  prior  to  the  commenceimMit  of  the  experiment.  .V 
sliced  of  jiolyedhyleiK'  was  ])la<-ed  under  the  cloacal  region  and  the  bird  was  fastmu'd  in  a 
prone  position  to  a  standard  "dog  board"  by  imams  of  rubbi'r  loojis  over  tin*  wings  and 
legs.  The  sliced  was  pidh'el  elown  tei  form  a  funne'l  in  the*  eeuitre*  eif  the-  "eleig  beianl”  anel  a 
lieile*  was  cut  in  the  beitteim  eif  the-  funne-1  for  urine  ceille-e-tiein. 

Saline-  leiaeling  was  by  me-ans  eif  a  fle-xible-  jilastie-  tube-  e-emne-e-te-d  tei  a  syringe-  anel  2e) 
ml.  eif  20^  XaCl  was  introelue  e-el  elire-e  tl\'  intei  the-  glanelular  stemiae-h  (preive-ntrie-ulus). 
I’lie-  time-  eif  saline-  leiaeling  was  take-n  tei  be-  ze-rei  time-  feir  all  e-xpe-rime-nts. 

.V  e-eintreil  bleieiel  samjile-  was  take-n  freim  the-  e-annulate-el  wing  ve-in  jirieir  tei  the-  saline- 
loaeling  ami.  subse-epie-nt  tei  leiaeling.  sample-s  we-re-  take-n  at  i  heuirly  inte-rvals  for  the- 
first  .4  heiurs  anel  at  heiurly  inte-rvals  feir  the-  re-maining  e-xiie-riim-ntal  pe-rieiel.  The  bleieiel 
was  imme-diate-ly  e-e-ntrifuge-el  at  2'’  ('  anel  .-lOOU  riim  feir  minute-s.  rrine-  sam])le-s  were- 
e-eille-cte-el  anel  im-asure-el  at  20  minute-  inte-rvals  afte-r  ze-rei  time-.  The-  time-  eif  onset  eif 
nasal  se-e  redion  was  re-e-orele-el  anel  i-eillee-tieins  we-re-  maele-  eive-r  4.')  minute-  iie-riods  there-- 
after. 

At  auteipsy  the  aelre-nal  glamls  we-re-  re-meive-el.  cleaneel  eif  aeljae-e-nt  tissue-s  anel  weighe-el 
ein  an  analytical  balance-. 

.V  Zeiss  PF.t  flame  iiheiteime-te-r  was  use-el  feir  all  seielium  ami  iieitassium  e-stimatieins  eif 
plasma,  urine  anel  nasal  sample-s.  .\11  ele-ctreilyte-  e-stimatieins  were-  expre-sse-el  in  milli- 
e-ciuivalents  litre. 

The  e-ortiseil  ami  e-orte-xone-  tre-ate-el  birels  re-e-eive-el  .'i  mg.  intramuscular  elose-s  12  hours 
and  1  \  heiurs  prieir  tei  saline-  leiaeling.  The-  te-rm  e-eirte-xeine-  ratlu-r  than  ele-oxye-eirticeiste-reine- 
is  use-el  threiugheiut  this  te-xt  in  ae-e-eirelane-e  with  the-  re-e-eimme-nelatieins  eif  Fie-se-r  anel  Fiese-r 
(S).  Heith  the-se-  ste-roiels  we-re-  fre-e-  ale-eiheil  iire-paratieins  in  stabilize-d  suspe-nsiein.  AC’TII 
(.Ve-ton  X.  X'ordie-  Pieie-he-mie-als  l.tel.)  was  aelministe-re-el  daily  feir  n  elays  jirior  tei  the 
e-xpe-rime-nt.  e-ae-h  binl  ri-ce-iving  0  eleises  eif  ‘20  i.u.  in  iseiteinie-  saline-.  The-  dl  ahleiste-reim- 
(CIH.V)  was  in  oil  solutiein  ami  twei  2.50  /^g.  eleise-s  were  given  H  anel  ze-ro  heiurs  lie-fore- 
leiaeling. 

RESULTS 

'ihe  (loniinant  clmractcri.stic  of  tlio.se  experiments  was  the  diphasic 
responsi-  to  a  saline  load.  All  birds  show(-d  an  initial  diuresis  during  the 
first  hour  after  loading  and  at  varying  tiim-s  during  this  phase  the  onset 
of  nasal  si-cn-tion  occurn-d. 


SrpiiiNhn-,  iiKii  i;i.i;c'i'i{()i.v'n;  lixcui: riox  ix  'I'lii;  dick  is.-, 
Uciuil  phd.sc  Tal)l(‘  1 

'riic  control  birds  showed  a  iiK'an  total  diuresis  of  ol.tt+d.'i  <*e.  duriufi 
th(*  three  20-niimit(‘  collection  periods  iiniiK'diately  after  salt  loading.  The 
volume  (‘xenUed  (hiritifj;  tlu'sc*  periods  promressivc'ly  decliiK'd  from  'io.d  ±  I.S 
cc.  to  1 1  ±  1.2  cc.  'rh(‘  disproportionatt'  (h'clim*  in  the  sodium  cont(‘nt  of 

the.s(‘  samples  was  i('fl(‘ct(“d  in  th(“  si^:nificant  fall  in  concejitration  from 
();^3.0 +70.4  to  24S.t)  ±  1  lo.t)  nuai.  1.  (  P  <.()!).  ('onviusely  the  ]:)otassium 
concentration  ai)p('ar(‘d  to  ris(‘  from  Pl.t)  ±2.S  to  24.7  ±  12.2  m(‘((.  1.  in  tlu' 
.>;ame  samples,  hut  this  chanjj:e  was  not  statistically  sifinilicant . 

(^ortisol  tn'atment  did  not  r(“duc(‘  the  initial  diuresis,  ind(“(“d  the  mean 
total  volume'  was  slif»;htly  f>:r(‘at('r.  The*  total  sodium  output  durinf?  this 
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diuresis  was,  howev(‘r,  less  than  the  control  value  diu'  to  the  fact  that  the 
first  sample*  ce)ntaine‘d  7.f)±l.o  me'ep  in  24.d±2.()  e*c.  whe're'as  the*  first 
control  sample*  containe*el  14. S +(>.2  ine'e].  in  2:h;i±4.S  e*c.  A  tre*nel  teewarel 
eliminishing  se)elium  conce*ntration  of  the*  inelivielual  sample's  was  also  ap- 
pare'iit  afte*r  e*orti.sol  tre*atme*nt.  As  in  the*  case  of  the*  contreel  hirels  the 
pattern  of  potassium  ('Xcre*tion  was  not  se)  cle*ar-cut,  anel  the  te)tal  e)utput 
of  0.90  ±0. IS  meq.  was  not  .significantly  gr(*ater  than  the*  control  value*  e)f 
0.71  d:0.2:i  me'ep  l''.xaminatie)n  of  the  Xa/K  ratios  .she)we*el  a  ve*ry  significant 
ele'cline  compare*el  to  the  corre*sponding  control  values  (P<.01). 

Treatme'ut  with  cort(*xone*  diel  not  significantly  alte*r  the  total  eliuresis 
although  there*  was  a  70%  reeluction  in  volume  l)e*twe*e*n  the*  first  and  thirel 
sample'.s  compar(*el  with  a  o0%  ele'cline  in  the  controls.  Similarly,  there  was 
no  significant  change*  in  the*  total  soelium  e*xcre*te*el  when  compare'el  to  the* 
e*ontrols  hut  there*  was  a  signifie'ant  fall  freem  20.(5 +:i. 4  me*ei.  in  the*  first 
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sample*  to  l.')±1.2  m(*(p  in  the*  third  sample*  (P<.01).  This  n'pre*sonte*el  a 
\y2%  re*elue*tiem  e*e)mp5ere*el  te)  he  the*  e*e)nti-ols.  The*re‘fore‘,  altheniffh  the*re* 
was  an  ine*re*ase'el  re'ahsorptieen  eef  wate'r  nnele>r  the*  infhie*ne*e*  of  e*orte*xe)iee‘ 
t  he're*  elid  neet  appe*ar  tee  lee  a  eaeneme'tisnrate*  ine*re*ase‘  in  t  he*  t  nleular  re'aleseeri)- 
tieen  of  seedieem.  ('eemparison  of  the*  peetassinm  e*onl(*iet  eef  the*  first  anel  thirel 
urine*  sample*s  sheewe-el  an  appare*nt  rise*  freem  O.dd  ±t).()"e  me*ei.  tee  O.tete  +0.24 
me*ei.  hut  this  ine*re‘ase‘  was  not  siKiiifie-ant.  This  same*  tre*nel  was  ie*fl(*(*te*el 
in  the*  urine*  t‘on(*e*nt  rat  ions  eef  seeelium  anel  peetassinm  anel  in  the*  Xa/K 
ratios. 

The*re*  was  a  marke*el  re*elue*tieen  in  the*  eliure*tie*  phase*  of  the*  aleleeste*rone* 
tivatoel  hirels.  Only  one*  leirel  uriiiate*el  eluriii};  the*  .se*e*onel  sample*  pe*rioel  anel 
neene*  elurins  the*  thirel.  Const*e}ue*ntly  the*  total  veelume*  e*xc*re*te‘el  (14.1  +4.0 
ce.)  was  significantly  lowe*r  than  any  othe*!*  group  (P<.001).  The*  total 
soelium  e*xcre*te*el  was  "e.S  ±2.4  me'ep  in  a  me*an  volume*  eef  14.1  ±4.0  cc.  This 
concentration  eef  301.1  ±08.4  re‘pre*se*nte*el  a  e*onsiele*ralele  ele*e*line*  in  re*nal 
soelium  e*xcre*tion  whe*n  ceempare*el  to  the  ceentreel  hirels.  Although  the*  teetal 
peetassinm  e*xcre*te*el  was  signifie*antly  le*t5s  than  the*  contreel  value*  (0.20  ±0.0re 
Vs.  0.71  ±0.23  me*ei.)  there*  was,  howe*ver,  a  trenel  towarels  an  incre*ase*  in  the* 
peetassinm  conce*ntrations  eef  the‘se‘  urine*s  (12.7  ±3.5  V's.  18.3  ±0.2  meep  1.). 

.Vs  in  the  case*  eef  cortisol  tre*atme*nt,  .VCTH  slightly  ine*re*ase*el  the*  total 
volume*  of  urine*  e*xe*re*te*el  eluring  the*  first  hour,  hut  although  the*se*  volume's 
were*  virtually  ielentical  (51.0  V  00.1  cc.)  the*  .VC'^PH  group  e*xe*re*te*el  ap- 
proximate'ly  80%  more*  soelium  than  the*  corti.sol  greeup  anel  this  was  re*- 
fle*e*te*el  in  the*  .seeelium  e*eene*e*ntrations  eef  the*  succe*ssive*  urine*  .sample*s.  In- 
ele*e*el,  the*  total  seeelium  e*xcrete*el  after  tre*atme*nt  with  .VCTH  (20.0  ±2.7 
me'ep)  appe*are*el  highe*r  than  both  the*  ceerti.seel  (10.0  ±2.4  me*ep)  anel  the* 
ceentreel  (24.0  ±2.0  me*ep)  value's,  hut  the*  elirte*re*ne*e*  was  eenly  significant 
whe*n  ceempare*el  tee  cortisol  (P  <.01).  The*  urine*  soelium  e*one*e*nt  rat  ions,  how¬ 
ever,  we*re*  in  nee  case*  highe*r  than  the*  ceerre*sponeling  control  value's.  The* 
peetas.sium  output  in  the*  thre*e  urine*  samples  ele‘e*line*el  as  in  the*  case*  eef  the 
e'ontrol  and  cortisol  greeups. 

Extm-n’ual  phase  Tahle*  2,  Figures  1 

The  initial  rate*  eef  na.sal  .se*e*re*tieen  for  the*  ceentrol  hirels  eluring  the  first 
45  minute*  colh'ction  pe*rioel  was  1.58  ±0.42  ce*.  anel  this  rate*  eef  output  in- 
e*re*ase*el  to  a  maximum  eef  4.05  ±0.50  ce*.  eluring  the*  thirel  pe'iioel.  The*  .suh- 
.seepient  elecline*  in  output  re*sulte*el  in  comph'te*  ce*ssation  in  thre*e*  of  the* 
hirels  eluring  the*  final  pe*rioel  i.e*.,  450  to  405  minute's  afte*r  loaeling.  The* 
ceene'cntratieens  of  .soelium  anel  pota.ssium  in  the*  nasal  fluiel  eliel  not  elifier 
he*twe*e*n  succe*.s.sive*  sample's  anel  the  teetal  outputs  in  the*  28.0  ±3.5  cc.  eli.s- 
e*harge*el  were*  17.1  ±  1.0  anel  0.44  ±0.00  me*ep  re*spe*e*tive*ly  inelicating  me*an 
e*eene*e*nt  rat  ions  of  002.0  ±  13.0  anel  17.3  ±0.40  me*ep/l.  The*  ratios  of  extra- 
renal  to  renal  e*xcre*tion  eef  .seeelium  anel  pota.s.sium  were*  0.85  ±0.22  anel 
0.04  ±0.30  re'spectively. 


If 


Aft(“r  cortisol  treatment  there  was  a  si}i;nifieant  inerc'asc*  in  th(‘  initial 
rat(“  of  nasal  (lischar}>:(*  ( l.oS +0. 12  Vs.  o.:!!  ±().S4  cc.  4o  min.  colh'ction 
period).  This  incr(‘as(‘  contimn'd  up  to  a  maximum  hetwa'en  22")  and  270 
minut(‘s  aft<‘r  loading;  wIkmi  the  output  was  7.40  ±0.00  cc.,  and  sub.se- 
(pjently  a  (h'cline  occurred  which  continiK'd  throu»;hout  tin*  remainder  of 
the  (“xpei'iment .  None  of  th<“  cortisol  treated  birds  c(‘ased  to  diip  durin}>:  th(* 
expc'rinu'iital  pcaiod  and  th(‘  mean  total  output  of  .'iO.O+o.l  cc.  was  si}»;- 
nificantly  {ireater  than  the  coric'spondinfi;  control  volume  of  2S.0±d.o  cc. 
(  P  <.01 ).  The  sodium  concentration  of  the  nasal  fluid,  how(‘V(‘r,  was  lowaa 
than  th(‘  control  and  this  decr(“as(‘  was  significant  at  the  o%  lev(*l.  On  the 
other  hand,  du(‘  to  the  eidianced  nasal  volume,  the  total  sodium  output 
was  sifJinificantly  hifj:h(*r  in  the  cortisol  treated  ducks  (P<.01).  The  potas¬ 
sium  conc(“nt ration  was  similar  to  the  control  value  and  r(‘pr(‘sent('d  ap- 
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proxiniatoly  of  the  sodium  concontration.  Tlu‘  (“xtra-nmal :  ivnal  ratio 
for  sodium  was  2. OS  +0.29,  which  r(*fi(‘ctcd  the  simultau(*ous('xtra-rcnal  cii- 
hancoiiKMit  and  nmal  dopn'.ssion  of  sodium  ouput.  Tin*  vahu*  for  potassium 
did  not  differ  significantly  from  the  controls  (0.07  ±0.17  Vs.  0.94+0.R0). 

The*  etf('ct  of  cort(‘Xone  on  the  nasal  sca-ndion  after  salt  loading;  appc'anal 
to  1)(‘  less  than  that  observed  for  cortisol.  Nevertlu'h'ss,  the  mean  output 
duriufi  the  first  4o  minut('s  (4.02±0.()2  cc.)  ami  tin*  mean  total  voliinu' 
secr(*t('d  (o4. 0+4.0  cc.)  wen*  sifinificantly  hijiher  than  tin*  control  vahu's 
(1’<.01).  Tin*  maximum  rat(‘  of  nasal  seen'tion  was  betw('en  90  and  1R.5 
minutes  aft(‘r  loading;  which  coincided  with  the  control  birds  hut  ])receded 
the  cortisol  treated  animals.  As  in  the  case  of  cortisol,  the  sodium  concen¬ 
tration  of  the  nasal  discharfi;!'  was  significantly  lower  than  tin*  controls 
(P<.01)  although  th(‘  ])otassium  concentration  was  tlu*  saim*,  but  dm*  to 
the  enhanc('d  voluim*  s(‘creted  tlu*  total  output  of  sodium  and  jiotassium 
w(*re  significantly  greater  than  tlu*  controls  (I^  <.01). 

Treatim'iit  with  aldosterone  n'sidted  in  a  nasal  seen'tion  of  0.04+2.0.") 
cc.  during  the  first  4.")  minute  collection  p('riod  which,  during  tin*  jx'riod 
from  bS.')  to  ISO  minute's  after  loading,  increased  to  9.94  +  1. (>7  cc.  This 
individual  voluim*  and  the*  total  nasal  output  of  S2.1  ±R.S  cc.  wi'n*  the* 
highest  volume's  recoreh'el  in  any  of  the'se*  e'xpe'rinu'iits.  Again  the  mean 
soelium  conce*nt ration  of  the*  nasal  secretion  was  significantly  le)we'r  than 
the  control  birds  (P  <.0.j)  but  the*  total  e'xtra-renal  soelium  output  (4o.9  ±2.2 
me*(p)  was  higher  elm*  te)  the*  incre*ase*el  volume*  (P  <.01).  Similarly  the*  teital 
pe)tassium  output  was  significantly  higher  in  spite*  e)f  a  ele*e*line*  in  the  con- 
ce*ntration  from  17.4  ±0.49  te)  14.2  ±0.. 70  me*ei./l.  e‘e)mj)are*el  te)  the*  e*e)n- 
tre)ls  (P<.01).  Pxaminatie)!)  e)f  the*  nasalrurine*  ratie)s  she)we*el  a  value*  feer 
soelium  which  was  twice  that  e)bserve*el  with  re*s])e*ct  to  ve)lume  ami  pe)tas- 
sium.  This  was  at  le*ast  in  part  elm*  to  the*  high  re*nal  tubular  re*abse)rption 
e)f  soelium  ami  the*  simultane'ous  e*nhance*im*nt  e)f  nasal  se*cre*tie)n.  ('e)rtise)l 
was  the*  e)idy  e)the*r  he)rme)ne*  which  bre)ught  abe)ut  this  elispre)pe)rtionate* 
ratio  for  soelium  compare*el  te)  the*  ratiees  fe)r  veilume*  ami  pe)tassium. 

AC'TII  inelue‘e*el  a  significant  ine*re*ase*  in  the*  teetal  nasal  veelume*  se*cre*te*el 
(40.4  ±4.2  cc.)  ami  the*  initial  rate*  e)f  e)utput  was  the*  highe*st  re*ce)rdeel 
(O.lS  +  1.4  cc./4")  minute's).  The*  pe*rioel  e)f  re*spe)nse*,  heewe've'r,  was  se)me*- 
what  shorte*!'  than  the  ceentre)!  birels  sine*e*  the*  ele*e*line‘  in  se*cre*tie)n  was  more* 
rapiel.  The*  nasal  se)elium  ce)ne*e*ntratie)n  e)f  .■)41.9±19.S  me*ei.  1.  was  sig- 
nifie*antly  le)we*r  than  the*  e*e)ntre)ls  (P  <.()."))  ami  t  he*re*  was  e*e)nse*eiue‘ntly  a 
elisproportieenate'ly  le)we*r  ine*re‘ase*  in  the*  te)tal  e*xtra  re*nal  seeelium  se*cie*te*el 
e*ompare‘el  te)  the*  e*e)ntre)ls  (21..”)  i  1.7  \  17,1  ±  1.0  me'e].). 

Scrum  ciccirolj/lc  chunc/cfi  'Fable*  4  ami  l’'igure*  2 

During  the*  first  he)ur  afte*r  saline*  leeaeling  the-re*  was  a  ste'aely  lise*  in  the* 
se*rum  soelium  e*e)ne*e*ntratie)n  e)f  all  greeups  ami  a  i)lale*au  was  attaine*el  afte*r 
nine'ty  minute's.  The*  initial  rate*  e)f  incre*ase*  in  se*rvim  se)elium  e*e)ne*e'ntratie)n 
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TaBI.K  3.  ThK  EKKECT  of  ADRENOFOKTICAI,  steroids  on  the  SERl  .M  ELECTROLYTE 
CHANtiES  AND  THE  ONSET  OF  NASAL  DISCHARtiE  BY  THE  DOMESTIC  DI  CK  IN 
RESPONSE  TO  A  SINOLE  HYPERTONIC  SALINE  LOAD 


<  Innip 

Time  of  onset  <»f 
nasn!  secretion 
mins. 

•  I*"  value 

Initial  rise  in 
senim  Na ' 
meq.  1.  hr. 

valtK* 

Serum  Xa  at 
onset  of  nasal 
secretion  meq.  1. 

“P”  value 

(Nmtrols 

52.8±ll.a 

28 . 7  ±  2 .  a 

16(1. 6±2. 5 

- 

( 'ortisol 

16. 0±  6.S 

V  A 

;n  ,8±2.<.i 

>  .4 

15a.‘l±2.4 

<1 
>  .05 

( 'ortrxont* 

C'4.ll±  6.5 

V  A 

a5.6±a.:i 

V  A 

15!t.2±2.6 

>.8 

AldostoroiK* 

14. ()± 

VA 

an.tits.a 

>.8 

152. (l±  1 .2 

<■(11 

>.(M)I 

\(  Til 

11. 4±  l.'.t 

V  A 

;{4.6  +  2.6 

1 

V  A 

^  151.8+1.6 

<(11 
>  .(1(11 

(lid  not  dirtVr  sifrnificanlly  in  any  firoup  from  tin*  control  animals  Imt  tin* 
onset  of  nasal  secretion  was  si}>:nificantly  eaiii(*r  in  birds  aft(‘r  treat nuait 
with  cortisol,  cort(“Xone,  aldosterom*  and  AC'TII. 

l\xamination  of  tlu*  s(M-um  sodium  concentrations  at  tlu'se  tinu's  of  onset 


I'm;.  2.  'I'lic  profiifcssivc  cliaiirfcs  in  the  scniiii  (‘l(‘<•trolyt(■  composition  of  tlic  salt 
loadcti  domestic  iluck  aftt'r  treatment  with  adrenocortical  steroids  and  AC'  l'IL 
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indicated  that  in  tin*  ease*  of  aldostc'roiu'  and  A('T1I,  nasal  sc'cnOion  oc¬ 
curred  at  lo‘2.()±l.‘2  and  lol.S  +  l.ti  tnei],  I.  r(‘sp(‘ctiv('ly.  Tlu'se  wc're  sifi,- 
nificantly  lower  concentrations  than  llie  \alue  of  Ititt.d  ±2.0  ine(i.  1. 

(  P  <  .01 )  in  1  he  coni  rol  birds.  'Die  s(‘ruin  sodium  concent  rat  ion  at  t  li(‘  1  iin<' 
of  onset  of  nasal  secnOion  in  Ihc'  coitisol  trc'aled  birds  was  b')d. 0+2.1 
iiKMj.  1.  ami  was  sifinificantly  lower  than  the  conti’ol  vahu'  at  bett(‘r  than 
the  10%  h‘V(‘l.  Th('  maxinuun  scuuin  sodium  concc'ut ration  was  attained 
in  all  (*xcept  tin*  aldost(‘ron('  fjroup  between  120  and  lot)  minut('s  aftc'r 
loading  and  tlu'n*  was  no  significant  diflerenc('  Ix'tween  this  vahu*  for  any 
of  th(‘  <‘xp(‘rim('ntal  groups  and  the  control  birds.  During  th(‘  nMuainder 
of  th(‘  nasal  .secretory  phase  tlu'n*  was  a  gradual  decliiu'  in  tin*  serum 
sodium  concentration  of  all  animals,  how(‘V(‘r,  in  no  group  did  tlu'  serum 
.sodium  conc(“ntration  return  to  tlu*  pre-loading  values  and  th(‘  t('rminal 


TaBI.K  IV.  TmK  KKFKCT  ok  INTKAMrsCn.AK  ADMIMSTllATION  OF  .WTH  (Cl  DAILY 
DOSES  OK  20  I.I  .)  ON  THE  ADIIE.NAL  (il.AM)  WEIOIITS  OK  THE  DOMESTIC  III  CK 


( iroiip 

lludv  ! 

wt .' 
kf?. 

Left 

adrenal, 

ID}!:. 

Hi'ht 

.\di(Mial, 

lUfJ. 

Total 

adrenal, 

int;:. 

.\dreiial  wt. 

Uodv  wt. 

IHH.  ' , 

('oiitrol 

.\(TH 

2.. Ad  +0.(14 
2.42+0.00 

SO.S  +  3.2 
100.0  +  12.3 

70.7  +4.0 
08.0*  ±0.7 

157.4  +7.1 
204.0*  ±12.1 

0.10  +0.20 
8.48**±0.4S 

*  “p  ”  viiliii'  <.0.j  with  n'siicct  to  coiTcspoiKliiit;  coiitrol  value. 

**  "ii"  value  <.01  with  respect  to  eoirespoiidiiitj  control  value. 


conctoitralion  was  in  all  ca.s(*s  high(*r  than  the  thrt'shold  level  retpiired  to 
initiat(‘  iia.sal  .st'cretion. 

Th(>  serum  potassium  concentrations  similarly  ro.se  in  all  groups  during 
the  first  12t)  minutes  aftco'  loading  and  thto't'  was  a  stt'ady  declim*  through¬ 
out  th(*  remaindt'r  of  th(‘  period.  Tlu'  initial  rise  in  i)otassium  was  dehiyed 
.som(>  thirty  minutes  bt'hind  the  ris(‘  in  serum  .sodium. 

Adrenal  u'ciglit  changes  Ttible  4 

Daily  tr(*atm(‘nt  with  20  i.u.  of  .VC'TH  during  th<‘  five  days  jtrior  to 
(‘xpt'riuKMitation  induced  a  -47%  increa.sc*  in  the  aditmal  body  wcaght  ratio. 
There  was  also  a  significant  incrt'a.st*  in  tin*  absolutt*  adnoial  weights  from 
a  control  value  of  lo7.4+7.1  mg.  to  2()4.f)  +  12.1  mg.  aftt'r  .\('TI1  trt'ttt- 
mt'iit  (P<.0o). 


DISCUSSION' 

Th(‘  initial  diurt'sis  followed  by  a  period  of  extra-nmal  .sodium  excretion 
in  response'  to  a  .salim*  load  has  also  b('('n  n'ported  by  Scothoriu'  (4)  for 
th('  Aylesbury  variety  of  the  dome'stic  duck.  Schmidt-Xie'lsc'u  also  observi'd 
a  similar  diphasic  respon.si'  in  the  cormorant  {J*halaeroeorax  anritns)  aft('r 
the  oral  administration  of  .sea  wate'r  (4). 

A  clue  to  the  controlling  factors  associate'd  with  the  extra-n'iial  excre- 
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tory  iiK'dianisin  in  tli(“s(“  birds  was  indicated  i)y  tlu*  nnial  electrolyt(‘  ex- 
cnOion  |iatt(*rn  of  tin*  (*ontrol  v:ron)>  in  tlie  prescait  work.  Tlu're  was  a  pro¬ 
gressive  decliiK'  in  fli<“  r(“nal  sodium  output  coincid('nt  with  the  onset  of 
nasal  secretion.  .\lso  tin*  concentrations  of  sodium  and  pf)ta.ssium  in  the 
successive  urine  samples  were  compatihh*  with  an  increased  adrenocortical 
activity.  Furthermore,  in  tin*  birds  treat(‘d  with  exojjenous  adrenocortical 
steroids  and  .VC'Tll  tluMc  was  a  direct  corri'lation  beUween  tin*  (‘ffectiv(‘- 
n(‘ss  of  th.(*se  hormoiK's  on  tin*  naial  (*xcretory  j)att(‘rn  and  the*  nasal  s('cr('- 
tory  activity  which  (“n.sued. 

It  may  lx*  susfj:est(‘d  that  the  eidianced  (“xtra-renal  secnOion  was  a 
compcaisatory  nu'chanism  to  of'f.s{‘t  the  reduced  noial  (‘xcretion  und(‘r 
adn'uocortical  infliumcc*.  This,  how(‘V('r,  was  clearly  not  tlu*  case  with  cor- 
t(“xon(‘  where  the  etT(‘ct  on  renal  sodium  was  not  v(*ry  aj)par(*nt  in  terms 
of  total  output  but  n(‘V(Mt hel(“ss  tlu're  was  a  si}2;nificant  increase*  in  the 
nasal  s(‘cr(“tion.  Pn'vious  work(*rs  (o)  have  su}iscst(“d  that  the*  trisgc'rinjj 
m(‘chanism  associated  with  the  ons(“t  of  nasal  se'cretion  is  of  an  osmore'fjula- 
tory  nature*  anel  the*y  have*  sheewn  tliat  the*  infusie)n  of  hype*rte)nic  sucrose* 
will  e'licit  this  phe*ne)me*ne)n.  The*  pre*.se*nt  weerk  also  su}>;fie*ste‘el  that  some* 
such  e)sme)re*f>:ulate)ry  stimulus  was  ne*e*e*.ssary  inasmuch  as  the*  e)nse*t  of 
nasal  se'e‘re*tie)n  was  always  pre*e*e*ele*el  by  a  rise*  in  se*rum  soelium.  This 
initial  rate*  e)f  incre*a.s(*  in  se*rum  soelium  was  iele*ntical  in  all  e*xpe*rime*ntal 
and  contre)!  {ireeups  but  in  the*  case*  of  alele)ste*rone*,  AC'TII,  anel  ce)rtise)l  the* 
e)nse*t  of  nasAl  s(*cre*tie)n  app(*are*el  inele*pe*nele*nt  e)f  the*  pre*sume*el  e)sme)re*p;ula- 
tory  stimulus  sine*e*  it  ce)mme*nce*el  whe*n  the  se)elium  le'vel  was  significantly 
le)we*r  than  in  the*  ce)ntre)l  animals.  Furthe*rmore*,  the  initiation  of  nasal 
se*cre*tion  in  e*ach  e*xperime*ntal  group  pre*e*e*ele*el  the*  time  at  which  this  event 
e)ccurre*el  in  the*  e-ontrols.  This  wenilel  .sugge*st  that  the*  incre*ase*el  time*-lag 
in  the*  ce)ntre)ls  marks  a  pe*rie)el  eluring  which  the*  e*nele)ge*nous  mobilization 
e)f  aelre*nal  ste*re)iels  take*s  place*  te)  the*  thre*sholel  le*ve*l  ne*ce*ssary  for  the* 
pre*cipitation  e)f  na.sal  .se*cre*tion.  Iti  the*  e*xpe*rime*ntal  gremps  no  such  lag 
e)e*curs  since  sufficient  le*ve*ls  e)f  e*xoge*nenis  lie)rme)ne*s  are*  circulating  at  the* 
time*  e)f  loaeling.  In  e)the*r  we)rels  the*  na.sal  glanel  had  be*e*n  pre*vie)usly 
“piinie*el”  anel  was  galvanize*el  inte)  actiem  at  a  le)we*r  le*ve*l  e)f  e)sme)tic  .stim¬ 
ulation.  C'ertain  pre*liminary  stuelie*s  substantiate*el  this  the*sis  sine*e*  it  was 
e)b.se*rve*el  that  a  spe)ntane*e)us  nasal  se*cre*tion  cenilel  be*  inelue*e*el  in  normal 
unle)aele*el  elucks  which  hael  re*e*e*iveel  intramuscular  ele).se*s  of  e'orti.sol  anel 
9a  flue)re)e*e)rti.sol.  It  is  inte*re*sting  in  this  re*spe*e*t  to  note*  that  Flings  anel 
Frings  (7)  working  with  tlic*  albatro.ss  observe*el  that  “.  .  .  e*xe*ite*me*nt  or 
stre*.ss  cause*el  the*  na.sal  glanel  to  be*comc*  active*  whe*n  orelinarily  it  woulel 
ne)t  be.”  Hece*nt  work  in  this  laboratory  involving  the*  aelrenale*cte)my  of 
elonu'stic  elucks  prior  to  salt  loaeling  she)we*el  a  e*e)mple*te*  e)blite*ration  of  the* 
e*xt ra-re*nal  rcspeinse*. 

The  results  obtaine*el  from  the*  .\CTII  tre*ate*el  elucks  were*  some*what 
elisappointing  for  although  there  was  a  37%  incre*ase  in  total  aelre*nal  glanel 
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\v('ip:lit,  and  tlu're  was  no  reason  to  suspect  that  this  was  a  inc'dullary 
H'sponse,  the  increase  in  total  nasal  secndion  was  the  h'ast  sifinificant 
reconU'd.  It  is  pertiiKMit  to  note*,  howov(‘r,  that  the  ('ndoyic'nous  adreno¬ 
cortical  activity  in  these  birds  hronjiht  ahont  the  hifihest  initial  respons(> 
in  t(‘nns  of  the  nasal  si'cretory  late.  'PIk'  r(‘lativ(‘ly  larjic*  doses  of  Af'd'H 
ns(‘d  may  have*  exhausted  or  ic'diiced  th(‘  potcaitial  of  the  adrenocortical 
tissu(>  to  r(‘sj)ond  to  th(*  osmotic  stimnlus.  I’hillips  and  ('hest(*r  .loiu's  (d) 
r(*port(‘d  a  7S%  low(*rin}j:  of  tlu*  corticostiMom*  sc'cnUion  hy  tlu*  capon 
followinfi;  tr<‘atm(‘nt  with  hif>;h  doses  of  A('T11.  On  the  other  hand  th(‘s(* 
workers  not(‘d  an  incnaise  in  tlu*  h'vels  of  coitisol  and  aldostc'rom*  secre¬ 
tion.  Such  an  increased  s('cr(‘tion  of  cortisol  and  aldosteroiu'  may  have  ao- 
count(*d  for  th(‘  eidianced  initial  rat(‘  of  nasal  secretion  ol)s(*rved  in  the 
present  work.  However,  since  tlu'  role  of  corticost('ron('  in  this  nu'chanism 
is  at  pr(‘s(‘nt  not  known  any  i‘(‘lationship  betwcHui  tlu;  total  nasal  output 
aft(“r  AC^TII  trc^atnuMit  and  a  possible  low(*rinji  of  tin*  (‘irculatiiifi'  levels  of 
corticost(‘ron('  cannot  b(‘  made. 

rurth('r  ('ffects  of  tlu;  adnaiocortical  steroids  on  the  (‘xt la-naial  n'.sponse 
included  a  three-fold  inci‘<‘as(‘  in  tin*  initial  late  of  s(‘(*retion  and  this  rat(‘ 
was  sustained  in  somi'  (*as(‘s  (c/.  cortisol  and  aldosttaone)  for  a  lonf>;(M’ 
period  than  in  the  control  ducks.  This  r(‘sulted  in  the*  increased  extra-naud 
loss  of  sodium  althoufih  the  conccaitration  of  the  nasal  s('cretion  in  nom* 
of  the  hormone  trc'ated  si’oups  was  as  lush  as  the  controls,  and  was  v(‘ry 
.significantly  lower  in  tlu*  case*  of  cortisol  and  cortexone.  This  suggest('d 
the  possiblity  of  some  othc'r  factor  or  factors  involved  in  tlu*  ('xtra-rc'nal 
r(*spons(>. 

With  the  possible  exception  of  the  Amphibia,  the  periodic  exposure  to  a 
marine'  environnu'nt  is  found  in  all  vertebrate  classes.  The'  anadromous 
t(*l('osts,  for  ('xamph',  an*  able  to  withstand  wide*  variations  in  the  tonicity 
of  their  environnu'nt,  imU'ed,  the  salmon  a’ul  the  steellu'ad  trout  migrate; 
from  fivsh  wate'r  to  se*a  water  anel  back  in  the  natural  course'  e)f  tlu'ir  life' 
historie's.  Consiele'iation  of  the  probleans  which  ce)nfre)nt  an  animal  e'xpe)se'el 
to  a  hype'rtonic  se'a  water  environme'iit  e)r  te)  a  le)ng  te'rm  elie't  ceentaining 
se'a  water  inelie'ate  that  the  animat  must  conse'rve  water  anel  simultane- 
emsly  e'xcre'te'  se}elium,  pe)ta.ssium  anel  chleerieh'  which  are'  the'  maje)r  ie)nie' 
e'onstituents  of  sea  wate'r.  The  se'cre'tion  e)f  a  nasal  elischarge'  ce)ntaining 
se)ehum  at  a  h've'l  higher  than  100 i^ca  wate'r  ((>00  V  470  me'ep/1.)  anel  with 
an  Na  K  ratio  we'll  within  the'  limits  e)f  se'a  wate'r  (dti+d.O  V  l.S.X)  is 
ch'arly  a  me'chanism  whe're'by  seeelium  anel  potassium  may  be*  lost  withenit 
the  e'xces.sivo  e'xcit'tion  e)f  wate'r.  Just  as  in  the'  case  of  the'  marine  birel  on 
a  sea  water  eliel,  the  .salmoniel  te'h'ost  fish  must  alse)  e'xcrete*  e'xce'ss  epiantitie's 
of  .soelium  anel  potassium  without  the'  lexss  of  e'omme'usurate'  ve)lumes  eef 
water  in  oreler  to  survive  a  transfer  from  a  hypotonic  to  a  hype'rtonie- 
e'livironment.  Comparison  of  the  cummulative  enitput  of  soelium  from 
saline  loaeled  trout  in  the  preseuice  anel  absence  of  certain  adrenocortical 


494 


HOLMKS.  PHILLIPS  AND  IH'TLEP 


Vohttiif  Gfi 


’■'ME  i\  HCJRS  £»FTEP'  S-^iNE  LOAL-NG 


TIME  IN  MINUTES  AFTER  ONSET  OF  NASAL  SECRETION 


Figs.  Coinparison  of  tho  <'Uimila- 

tiv(‘  (wtra-roiial  outputs  of  sodium  fntiu 
saliiio  loaded  fresli  water  trout  (Salmo 
Hairdiieri)  and  the  saline  loaded  domi'stic 
duek  (Anas  platyrhynehus).  (Adapted 
from  Holmes  (10),  Chester  .lones,  li  nl.  (II) 
and  the  present  work). 


st(‘roi(ls  witli  tin*  ciimmulativp  output  of  sodium  from  similarly  treat  ml 
ducks  slK)\v(‘d  that,  although  the  (piantities  of  sodium  and  th(‘  tinn*  rela¬ 
tionships  art'  not  strictly  comparable,  the  same*  basic  pattern  of  excretion 
was  observed  in  respon.se  to  the.se  steroids  (10,  11.  Fig.  da  and  b). 

I'^ven  though  the  present  expiM-iments  wen*  of  a  chronic  natun*  and  the 
total  volumes  of  wat(‘r  exended  by  th(‘  birds  wen*  gn'ater  than  tin*  intake, 
th(*re  was  probably  .some  antidiundic  factor  operating,  sinc(‘  the  nmal 
phase  of  (‘xendion  ended  so  abruptly  during  the  first  hour.  Change's  in  the 
iK'urosecretory  activity  of  the*  hypothalamus  have  been  observe'd  in  fish 
during  the  first  4  hours  after  transfer  to  s('a  water  (12,  Id,  14)  aiul  the' 
po.ssibility,  therefore*,  e)f  a  coincieU'iital  antieliuredic  .secretion  of  hypothal¬ 
amic  origin  in  re'spon.se*  to  a  .sline  loael  in  the  marine  birel  may  prove*  to  be* 
profitable*  fie*lel  for  further  inve'stigation. 
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THK  KmXT  OF  HV1)R()('()RT1S()XK  AND  PROGFSTKR- 
OXK  OX  TIIF  FLIXTROLYTK  A(TIOX  KXHIBITED 
BY  I)FSOXY('ORTl('OSTKROXK  IX  THE 
AI)REXALE(T(EMIZEI)  RAT‘ 

EEOEXIA  ROSEMBEIU;  and  IZO  EX(;EL 

Tin  W  onrstw  I'onnddtinn  for  K.i'ix  riou  otol  Hiolofm.  Slircimhiirn.  MassarlniKctts. 

Tin  W'orriKhr  State  llosfntal  Ihiiientio  1'raero.r  Hei^earcli  Project.  W  orca^ter, 

M assaelnixettH  inni  tin  Worcester  ('itii  llos/>ital.  W  arrester.  Mas.sncliasetts 

AHSTH  A(  T 

Tlir  iiiHuciicc  of  liydrofortisoiK'  and  projicstcronc  on  tlu‘  action  of  dcsoxy- 
corticostcronc  (DOC')  on  sodium  and  potassium  excretion  was  investifjated  in 
adrenalectomized  rats.  Hydrocortisone  at  low  levels  facilitated  sodium  excretion 
and  at  all  levels  tested  facilitated  potassium  excretion.  Progesterone  did  not 
elicit  any  effect  on  electrolyte  excretion. ‘  When  administered  concomitantly 
with  DOC',  increasing  dosages  of  hydrocortisone  and  progesterone  induced 
sodium  excretion  even  in  the  presence  of  DOC.  By  comparison  of  dosages 
hydrocortisone  was  shown  to  be  40  times  as  active  as  progesterone  in  bringing 
about  oO^  block  of  DOC'  effect.  The  simultaneous  administration  of  DOC'  and 
hydrocortisone  produced  an  increa.sed  excretion  (tf  jjotassium;  this  effect  was 
not  observ(‘d 'when  DOC  and  progesterone  were  admiidsten'tl  concomitantly. 

Till]  (*oinpl(*x  iiit(“irolati()ii  of  adrenal  cortical  st(*roids  on  the  regula¬ 
tion  of  (*l(“etrolyt(‘  inetaholism  is  not  well  un(l(*rstoo(l.  Previous  workt'rs 
(1-2)  have  demonstrated  an  aidafjonism  hetween  several  stt'roids  such  as 
eortisoiH',  liydroeortisone,  and  pi()g;est<‘ron(‘  on  tin*  action  of  (h'soxy corti¬ 
costerone  ( !)()(')  and  aldosteroin*  on  sodium  and  potas.sium  (‘xcretion  wh(*ii 
t(‘sted  in  adrenah'ctomizcal  animals.  Su}>:g:(‘stiv(‘  ('videncc'  of  this  type*  of 
action  has  hc'cn  accumulat(“d  in  Immans  (If-S). 

In  order  to  study  the  elfect  of  hydrocortisone*  anel  pre)}>;e*ste*rone*  em  the* 
actieen  e)f  !)()('  in  tlie*  aelre*nale*e‘te)mize*el  rat,  the*  fedlowing  e*xpe*rime*nts  we*re* 
unele*rtake*n. 

METHeU) 

■Mature  Sprague  Dawley  male  rats,  weighing  Ido  to  14o  grams  were  used  in  all  e-xjH'il- 
ments.  The  rats  were  adapted  to  a  constant  teinpcraturi'  i7S°  F)  and  humidity  (oO^) 
for  72  hours  prior  to  adrcnalectomv  and  remained  on  a  tliet  of  Purina  fox  chow  and  taj) 
w.iter. 

I.  .M  the  start  of  the  experiment  (1)  hr.)  bilateral  adrenalectomy  was  performed  and 
Ueceived  Decend)er  7,  Ibtitl. 

'  riiis  work  was  supported  in  part  by  grants  from  I'he  |{erkshire  C'ounty  C'haptei', 
.\lass:ichus(‘tts  Heart  .\ssociation,  Boston.  .Massachu.setts  and  by  Clrants  4(H-d92S  and 
’('V-219d  rinte<l  States  Public  Health  Service,  National  Institutes  of  Ib'alth,  Ibdhesda 
14,  .Marylaml. 
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tlu“  animals  wmc'  maintaiiKMl  on  sodium  cliloiidc  solution  for  l.S-2()  liours.  'riicu. 

saline  was  substituted  for  tap  water  for  24  hours. 

2.  At  th(‘  4Nth  hour,  animals  were  lightly  etherized,  a  sodium  load  of  d.O  ee.  of  ().!)*  ( 
of  sodium  ehloride  was  <jiven  subeiitaneously.  Simultaneously  the  rats  na-eived  lialf  tin' 
dos(>  of  the  various  steroiils  teste<l  in  0.2(1  ee.  of  olive  oil  sulientaneonsly.  ( 'ontrol  animals 
were  jjiven  0.20  ee.  of  olive  oil  by  the  same  route. 

d.  At  the  olst  hour,  the  remaininy:  half  dose  of  the  \  arious  steroids  under  investii^a- 
tion  was  jiiven  subentaneously  in  0.20  ee.  of  olive  oil.  ( 'ontrol  .animals  were  y:i\ cn  0.20  (aa 
of  <»live  oil  by  the  same  route. 

4.  .Vt  the  .')2nd  hour,  animals  were  liffhtly  etherized  and  a  liyature  was  phuaal  on  the 
urethra. 

.\nimals  were  depri\ed  of  food  but  water  was  jiiven  at  steps  2.  d.  and  4. 

0.  .\t  the  ‘>4th  hour,  the  animals  were  kilhal  by  etherization,  a  hemostat  was  phuaal 
on  the  ma'k  of  the  bladder  and  the  entire  urinary  bladdei'  and  its  (aintents  removial. 

The  urine  was  i'e(a)ver(al  as  in  the  i)ro(aalure  deseribtal  by  Kai^awa  <l  <il.  (0)  and  ana¬ 
lyzed  for  sodium  and  i)otassium  (amtmit  after  suitabh'  dilution  by  flame  i)hotometry 
usin^  an  Intia  nal  Lithium  Standard. 

'I'he  experimental  desiijn  was  as  follows:  animals  were  dividial  into  dift'erent  firoiiijs; 
eaidi  ^roup  laaa'ivtal  various  dosafjes  of  DOC.  hydroiautisone,  proji(‘sterone.  as  wcdl  as 
hydr()(a)rtisone  and  or  profjesterone  with  varyinfj,  dosajics  of  DOC.  In  eaeh  f^roup  the 
dosage  of  the  stc'roid  or  eombination  of  stiuoids  assigned  to  it  was  given  to  eaeh  animal 
sei)arately  and/or  simultaneously  (at  two  difl'enmt  sites). 

Sodium  retention  or  excretion  was  eah  ulat(‘d  as  the  percentage  of  sodium  retained 
or  exerete(l  relative  to  values  observt'd  in  control  animals.  D(4C  iidnbition  designat('d 
also  as  per  cent  block,  was  calculated  as  tin-  |)ercentage  iidnbition  of  the  soilinm  retentitm 
induced  by  the  same  <lose  of  DOC  simultaiu'ously  testi'd  according  to  the  following 
formula ; 

[mg.  Na  in  DOC-fCpd  ti'sted  group] — [mg.  Xa  in  DOC  (alone)  group] 

- XlOO 

[mg.  Xa  in  control  grou))]  — [mg.  Xa  in  DOC  (alone)  group] 

HESl'l/rS 

KjUrl  of  H jjdrocoiiinonc  on  the  EleclroUile  Action  of  !)()(' 

Table's  1  and  2  show  tin*  ('t'fcct  of  !)()(-  ami  hydrocortisom*  whoii 
:tdniinist('r('«l  alom'  ami  or  siimiltam'oiisly  (at  two  difft'n'nt  sitos).  Those' 
table's  re'pre'.se'iit  e'etiiipeisite'  elata  etbtaine'el  fretni  '20  a.ssays. 


Taki.k  1.  Tiik  kkkkct  ok  DOC  wn  nYOKoeoKTisoNK  ox  ki.kctkoi.ytk 

KXniKTION  IN  AOKKXAI.KI  TOMIZKn  KATS 


Material 

Dose,  1 

Total  bladder  content 

'  of  till*  ('tint nil  ( I*)  1 

Nti.  of 

adiiiinistt^red 

Na,  iiiK.  ±SK  ' 

i)f  till'  ciiiitnil  ( 1') 

K,  111)!.  ±  sk:  j 

animals 

Olive  Oil 

•.'.sa  +  o  IS  1 

IIHI 

a.  7.5 +  0.16 

lot) 

t>7 

1  »0(  • 

«) 

1 . 1.5  +  0  l.'i 

41  (  <0.01) 

4.2.5  +  0.26 

1181  <0. 01) 

4A 

12 

0.81  ±0.14 

20  (  <0.01) 

4.6710.28  ' 

12.5  (0.01) 

2‘) 

5(i 

o.y.5  +  ().oi 

i)  (  <0.01 ) 

•  .5. 20  +  0. .52 

laoxooi) 

1") 

UK) 

0.22±0.0t) 

8  (  <0.01) 

4.71  lo.ai 

126  (  <0.01) 

22 

200 

o.y.5±o.oa 

0(<0.01) 

.5  . 5a  to  .58 

147  (  >0.1  <0..5) 

ilydr(MM>rtiMi»iie 

12 

a  «4  +  o  .a« 

<»a  f  >0.5) 

a  10 +  0.86  1 

8.5  (  <0.01) 

'  12 

24 

2. .5710.48 

01  (  >0  .5) 

2.26  +  0.41  1 

tiO(>0..5) 

11 

4S 

4. 2710. 50 

1.50  (  >0.02  <0.0.5) 

a  .oa  0  86 

10.5 

to 

UK) 

a  24  +  o.:i4 

114  00,1  <0  .5) 

4.6.5  +  0.28 

124  (  <0.01l 

10 

i  20() 

4.6.5  +  0.42 

164  (  <0.01) 

.5 .  .52  +  0 . 46 

147  (  <0.01) 

10 

54H) 

a. 46 +0.26 

122  (0.0,5) 

6. 24  +  0. .54 

166  (  <0.01) 

2  ) 

KMH) 

2.41+0.16 

8.5  (>0.0.5  <0.1) 

6. 8010.. 52 

170  (  <().01) 

15 
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VoluitK  mt 
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Tabi.k  2.  Tiif:  kkkkct  ok  I)<K'  wd  m ydkokoktisonk  ad.mimstkrkd  simki/iankoi  si.y 

o\  KI.KCTItol.YTK  KXCKKTION  IN  TIIK  ADHKN AI.ECTOMIZKl)  HAT 


Material  adininiston^d 

llydrororti-  I)(K’, 

s()ni*>  nc.  tiiz 


12 

b 

2  1 

l.ll+(l.2(! 

4.26±0.28 

12 

24 

6 

4  1 

1  .(l6  +  0.2!( 

4. 6(1  +  0. 76 

— 

10 

4H 

b 

H  1 

2.12  +  ((.2'.l 

<0.01 

5.52  +  0.72 

58 

12 

KHI 

b 

IT  1 

;i. (18 +  (1.5(1 

<0.01 

5.70  +  0.52 

115 

12 

1(H) 

12 

S  1 

1.:U  +  (I.26 

>0.05  <0.1 

6.18  +  0.40 

26 

11 

loo 

KH) 

1  1 

(l.85  +  (l.24 

>0.05<0.1 

7.02  +  0.65 

24 

10 

KM) 

2(M) 

1  2 

(l,:i!t  +  (l.l(( 

6.02  +  0.52 

5 

4 

2(M) 

b 

1 

4.i;i  +  ((.7ii 

<0.01 

6.22  +  0.811 

177 

7 

2(M( 

12 

17  1 

5.0;?  + 1  11 

<0.01 

5.56+1.14 

20(1 

7 

2(M» 

50 

4  1 

2.(I7  +  (I.57 

<0.01 

(1.64  +  0.115 

7(1 

12 

21M) 

KH) 

2  1 

(1.65 +  0.15 

>0.05<0.1 

(1.44  +  0.55 

16 

12 

2(  M 

2(H) 

1  1 

(1.81  +0.26 

>0.05  <0.1 

8.27  +  0.2(1 

22 

12 

.^H) 

b 

h;i  1 

2.85  +  0.21 

<0.01 

6.72  +  0.25 

101 

12 

5(H) 

12 

42  1 

1.74  +  0.27 

<0.01 

6.58  +  0.67 

46 

5 

5(H) 

.50 

1(1  1 

2 .65  +  0 . 55 

<0.01 

7.18  +  0.58 

(12 

1(1 

5(N) 

KH) 

5  1 

1.52  +  ((.2'.( 

<0.01 

7.72  +  0.21 

50 

1(1 

.5(HI 

2(  H) 

2  A  1 

1 .48  +  0.24 

<0.01 

7.50  +  0.2(1 

48 

5 

10(M) 

b 

167  1 

2.64±0.24 

<0.01 

6.46  +  0.40 

8(1 

(1 

KHH) 

12 

s:i  1 

2.24  +  0.20 

<0.01 

6.(12  +  0.71 

71 

8 

KHM) 

50 

2(1  1 

1  44  +  0 . 54 

>0.02  <0.05 

6.81+0.115 

46 

5 

KHH) 

KH) 

1(1  1 

2.15  +  0.78 

(t.02 

6.65  +  1.27 

74 

4 

KHM) 

2(H) 

5  1 

3. 75  ±0.05 

<0.01 

8.07  +  0.62 

126 

5 

Ratio  hydro 
cortisone 
I)0(' 


Total  bladder  cimtent 


Na. 

me.  ±  SK 


Na  excretion, 
V* 


K. 
me.  ± 


Inhibition 

of  IKK’  No.  of 
effect  t  on  animals 
sodinm 


*  (’oinpared  with  excretion  values  correspondinc  to  each  dojw*  of  DOf’  individually  tested  presented  in  Table  1. 
t  Sodium  excretion  values  corresponding  to  catli  dose  of  DOC  individually  tested  presented  in  Table  1. 


Sodium  retention  and  potassium  excretion  were  ol)served  with  dosages 
of  DOC  rangiiifi:  from  G  to  200  mS-  The  sodium  retaining  effect  followed  a 
linear  response  from  6  to  oO  mK-  The  response  demonstrated  a  plateau  from 
50  to  200  MS  dosage  levels.  Hydrocortisone  showed  sodium  excreting  effects 
above  control  values  at  dosages  ranging  from  48  to  500  Mg-  This  effect 
was  statistically  significant  at  48  and  200  Mg  (P  <0.05).  Significant  potas¬ 
sium  excretion  above  the  level  observed  in  control  animals  was  observed 
at  dosages  ranging  from  100  to  1000  Mg  (P  <0.01). 

Dosages  of  12  and  24  Mg  of  hydrocortisone  were  not  eff’(‘ctive  in  blocking 
the  sodium  retaining  properties  of  G  Mg  of  DOC.  Wlu'n  48  Mg  of  hydro- 
cortisoiK*  w('r(‘  administ(‘red  simultaneously  with  G  Mg  of  DOC  58%  block 
occurr(‘<l  (P<0.01).  \Vh(‘n  100  Mg  of  hydrocortisone  were  used,  a  ratio 
hydroeortisoiK*  !)()('  of  17  1  brought  about  complete  iidiibition  of  DOC' 
effect  (l’<0.01).  With  tlu*  sanu'  dose*  of  hydrocortisone  but  with  ratios  of 
S  1  and  1  1  th(*  blocking  (“tVect  was  not  satistically  significant.  With  a 
ratio  of  1  2  no  iidiibition  of  DOC'  (‘ffV'Ct  occurred. 

With  200  Mg  of  hydrocortisone  the  following  ratios  hydrocortison(‘/DOC' 
w(“re  used:  '.V.i  1;  17  1:4  1:2  1  and  1  1.  Patios  of  ‘Mi  1  and  17/1  pro- 
duci'd  completi'  block  tP<0.01):  70%,  inhibition  occurred  with  a  ratio  of 
1  1  (P<0.01).  Patios  of  2  1  and  1  1  were  ini'ff'ectivi*. 

With  .500  Mg  of  hydrocortisone  the  ratios  hydrocortisom*  DOC'  us(“d 
were:  Sd  1 :  42  1:  10  1:  .5  1  and  2.5  1.  C'omjileti*  block  was  obtaiiu'd 
with  a  ratio  of  Sli  1  (P<0.01).  Patios  of  42  1:  10  1:  5  1  and  2.5  1  pro- 
ducial  4G  to  inhibition  of  DOC'  effect  (P<0.01). 

With  1000  Mg  of  hydrocortisom*  tlu*  ratios  hydrocortisom*  DOC'  us(*d 
were:  1G7  1;  8.4,  1;  20,  1;  10,  1  and  .5,  1.  These  ratios  brought  about  4G 
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to  S9%  block  (P  <().()"))  (‘xc('pt  for  a  ratio  of  o/l  which  proiliua'd  coinjilctc 
inhibition  of  DOC  (‘tfcct  (P<().01). 

Tiic  sinuiltaiu'Oiis  administration  of  DOC  and  hydro(*ortisonc  rcsult(‘d 
in  a  }?rcat(‘r  potassium  excretion  than  that  olitaiiu'd  with  DOC  aloin*,  whicli 
was  sifjnificant  in  all  case's  (P  <0.02)  (‘XC(‘pt  wlu'ii  hydrocortisone  and  !)()(' 
w('re  fiivc'ii  at  dosage's  of  100  anel  0  jug  anel  200  anel  12  /xg  <>f  <‘ach  ce)mpound 
re'spe'e'tive'ly  (P>0.1  <0.5). 

In  an  e'ftort  to  inve'stigate'  if  the'  action  of  hyelre)e‘e)rtisone'  wendd  be'  re'- 
ve'rse'el  with  an  e'xce'ss  e)f  DO(\  large'  dosage's  of  !)()('  we're'  aellniniste'ie'el 
simultane'e)usly  with  liyelre)e*e)itise)ne'.  Ib'snlts  are'  she)wn  in  Table'  5. 

Inhibitieen  e)f  the'  se)eliiim  re'taining  prope'rtie's  e)f  000  anel  120t)  gg  e)f  !)()(' 
was  e)btaine'el  with  a  I’atie)  hyelre)e*e)rtise)ne'  !)()('  e)f  t).S  1.  Pe)tassimn  e'x- 
cre'tieni  was  ne)t  e'ldiane'e'el  when  DOC  anel  hyelre)ce)rtise)ne'  we'ie'  aelminis- 


T.\hi.k  3.  Thk  KKKKCT  ok  !)()(’  .wd  mvdkocoktisonk  ad.mimstkkkd  alonk 

AM)/0K  SI.Ml  LTANKOl  SLY  ON  ELKCTKOLYTK  KXf  RKTION 
IN  THE  AUUENALECTOMIZEI)  HAT 


Material  administered 

Katio 

liydro- 

(•ortisone 

nor 

Total  bladdor  content 

inhibitor 
of  DOC  ; 
effect  on 
sodium  ' 

Xo.  of 
animals 

Hydrocorti¬ 
sone,  nfi 

DOC, 

Me 

Xa,  mp.  ±  SE 

Xa  ex¬ 
cretion,  P* 

K,  niff.  ±  SE 

0 

'  0 

3.83  +  0.31 

S.oS  +  o.SO 

10 

0 

600 

0.30  +  0.08  (8) 

0.32  +  1.44  (1.68) 

0 

12fK) 

0.26  +  0.1)0  (7) 

8.51+0.21  (1.53) 

5 

5()() 

0 

4.26±e).60(lll) 

6.35  +  0.76  (1.14) 

; 

KMM) 

0 

3.00  +  0.78  (104) 

6.30+1.09(115) 

.5e){) 

1  600 

0.8  1 

1.03  +  0.33  (50) 

<0.01 

9.63+1.12  (174) 

46 

8 

1000 

121)0 

0.8/1 

2.08±0.66(78) 

<0.01 

7.12±0.46  (128) 

76 

9 

f  )  ^  of  the  control  value. 

*  Compared  with  treatment  with  DOC  alone. 


te're'el  simultane'ously  a.s  compare'el  with  the  excre'tion  observe'el  in  animals 
tre'ate'el  with  DOC  aleme. 

/y//V'e7  of  Proycslvrnoc  on  the  Eleetrohjte  Action  of  DOC 

Table's  4  anel  5  show  tlie'  eftect  of  DOC  anel  pre)ge'ste're)ne'  whe'ii  aelmin- 
iste're'el  ale)ne'  anel  or  simultane'ously  (at  two  eliffe're'ut  site's). 

Typie'al  se)elium  re'te'iitieni  anel  potassium  e'xcre'tiem  we're'  e)bse'rve'el  with 
ele)sage's  e)f  DOC  ranging  freun  (i  to  200  gg.  Proge'ste'ieme',  at  2000,  1000 
anel  (iOOO  gg  ele)sage'  levels  eliel  not  inelue'e'  any  significaiit  change's  in  e'h'c- 
tre)lyte'  e'xcretieni  as  compare'el  te)  value's  obse'rvt'el  in  control  animals. 

W'he'ii  2000  gg  e)f  pre)ge'ste're)ne'  were'  give'ii  simultane'ously  with  1 )()(',  a 
ratie)  j)re)ge'ste're)ne'  !)()('  e)f  ddd/l  bre)ught  abeeut  50%  inhibitieni  e)f  !)()(' 
e'ffe'e't  (P;0.05).  With  the'  same'  eleesage'  e)f  ))ipge'ste're)ne'  but  a  ratiee  e)f  SO  1 
lie)  bleie'king  was  eibse'rve'el. 

Wlie'ii  4000  gg  e)f  preige'ste'reme'  we're*  use'el  ratieis  e)f  (KiO/l  anel  KiO/l 
pre)eluce*el  55  te)  (it)  anel  d()%  inhibitie)n  e)f  DOC’  e*ffe'ct  ( P  <0.02).  With  ratie)s 
of  SO  1 ;  40  1  anel  20  1  the*  blocking  effe*ct  was  not  statistie*ally  significant. 

Incre'asing  the  eleisage*  of  prejge'sterone  to  0000  gg,  ratie)s  prexge'ste'rone* 
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T  aBI.K  4.  TmK  hFKKCT  OK  1 )(  )C  AM)  I’HOliKSTKKON K  AD.MIMSTEKEl)  SEl’AHATKLV 
AM)/OR  SIMI  I.TANKOUSLY  ON  ELECTROLYTE  EXCRETION  IN 
THE  ADRENALECTOXIIZEI)  RAT 


( 'om|xjtind  administen^d 

Ratio 

Total  bluddor  eontont 

inhibition 
of  DOC*  1 

\o  of 

IVogester- 
one  Mfi 

IKK', 

MU 

pntm*s- 

tt'oinc 

DOC 

Na,  ±  SK 

Xa  excre¬ 
tion,  r* 

K,  III)!.  +  SK 

effect  on  ' 
sodium 

animals 

0 

0 

;i. 84  +  0. 48 

4.61+0.38 

12 

D 

fl 

1 .60  +  0.20  (42) 

6. 20±0. 48(134) 

12 

(1 

-5 

0.27  +  0.04  (7) 

6.40±  1 .02  (141) 

10 

20(M1 

n 

:i. 66 +  0.30  (0.5) 

4.68  +  0.36  (102) 

12 

4IHM1 

(1 

.’t. 45  +  0. 21  (00) 

5. 20  ±0.40  (115) 

12 

<) 

:i:{;{  I 

2.03  +  0.67  (76) 

0.05 

5.25±0.43  (114) 

.5‘» 

10 

JIMKl 

80  I 

0.38  +  0.00  (10) 

,>0.1  <0.5 

5.00  +  0.57  (130) 

<1 

4<NK1 

ti 

Otili  1 

2.05  +  0.21  (77) 

<0.01 

4.13  +  0.40  (00) 

do 

12 

4(MKI 

25 

Hill  I 

1 .60±0.28  (42) 

<0  01 

6.01  +0.34  (1.50) 

:i7 

12 

0 

0 

3.11+0.81 

6.7810.34 

d 

(1 

d 

I  .  17  +  0. .35  (38) 

0.821  1 .26  (145) 

d 

D 

25 

0.31+0. 12  (10) 

8..V)+ 1.48  (125) 

d 

(1 

.50 

0.13  +  0.03(4) 

8.241  1. 53  (122) 

f) 

4<HKI 

0 

3.48  +  0.27  (112) 

5.82  +  0.00  (86) 

.5 

4<HH) 

6 

♦iIWi  1 

2.23  +  0.10(72) 

0.02 

6.30  11.0  (  03) 

55 

d 

41  H) 

2.5 

16(1  1 

1.32  +  0.21  (42) 

,  <0.01 

7.6412.0  (113) 

,  m 

.5 

4(KH1 

.50 

80  I 

0.71  +0.35  (23) 

>0.1  <0.5 

6. 65  +  0.. 57  (08) 

20  1 

d 

(  >  of  tiu*  control  value. 

*  ('t»mpurcd  with  tn*atmcnt  with  1K)(’  alone. 


/DOC'  of  120  1:  00  1  and  00  1  resulted  in  40,  00  and  40%  inhibition  of 
DOC  effect  (  <0.02). 

Potassium  excretion  was  not  enhanced  liy  the  simultaneous  administra¬ 
tion  of  DOC  and  progesterone  as  compared  to  the  excretion  observed  in 
rats  treated  witli  DOC'  aloni*.  It  should  be  noti'd  that  control  ('xcretion 
values  for  sodium  and  potassium  as  given  in  Tabl(*s  0  and  4  are:  higher 
than  those  pr(‘sent(*(l  in  Tables  1  and  o.  Tlu*  diffenaici'  observi'd  falls  within 
the  variability  of  respon.se  obtaiiu'd  in  this  laboratory  in  control  animals. 

COMMENTS 

4'he  observations  made  in  this  study  show(*d  that,  in  the  adrenalecto- 
inized  rat,  subject eil  to  a  .sodium  chloiidi*  load  of  27  mg.  hydrocortisom* 
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and/or  simi  I.TANEOCSLY  on  ei.ectrolyte  excretion  in 
THE  ADREN ALECTOMIZED  RAT 


( 'ompound 
administered 

Ratio 

proges- 

Total  bladder  content 

%  inhibithin 
of  IKK’ 

Xo.  of 

rn»»tcster- 
<uie,  1 

IK  K', 

MiS 

ten  me 
IKK’ 

Na,  III)!.  1  SK 

Xa,  excretion  ! 
I>* 

K,  111)!.  l.sK 

effe<'t  on 
soditim 

animals 

0 

0 

2.00  +  0.30 

4.26  +  0. 22 

11 

D  1 

.50 

0  . 50  +  0. 27  (17) 

6.34  1  0. .54  (140) 

8 

0 

RHf 

0. 10  +  0.08  (7) 

6.471  1 .04  (1.52) 

12 

0 

2<MI 

0. 08  +  0. 02  (3) 

1 

5.10  +  0.62  (120) 

6 

4(HHf 

0 

3.14  ±0.42  (100) 

4. 2610. .58 

13 

4(HHf 

.50 

HO  1 

1 .20  +  0.20  (41) 

>0.0.5  <0.  1 

5.3210.43  (12.5) 

2\* 

8 

4<KN> 

1(M> 

40  1 

0  .58  +  0. 16  (20) 

>().()2  <0.051 

.5 . 7,5  +  0.  .51  1 13,5) 

14 

13 

4(HH) 

2t  H 1 

20  1 

0.3210.13(11) 

O.I  1 

7.371 1.87  (173) 

u 

4 

0 

0 

3.00  +  0.51 

1  1 

4.81  ±0.40 

0 

0 

50 

0  . 53  1  0. 32  (14) 

5.02  +  0.70(104)  ■ 

1(1 

0 

RNI 

0.4810.13  (12) 

6.6310.47  (138) 

i 

10 

0 

2<M) 

0.3510  14  (0) 

6. 46  +  0. ,50  (134) 

10 

t)1  H  H  t 

0 

3.0710.32  (70) 

4  . 52  +  0.3.5  (04) 

11 

dIHH) 

50 

120  I 

1 .86  1  0.23  (48) 

<0.01 

4.6610.48  (07) 

40 

HI 

d<HH» 

KH) 

do  1 

1.61+0.20(41) 

<0.01 

6.35  +  0.47  (132) 

HH 

11 

d(NK) 

2(NI 

HO  1 

1.88  +  0.. 53  (48) 

>0.1  1  <0.02 

7.71  ±0.8:1  (160) 

43 

HI 

(  1  %  of  control  \ aluv?. 

*  (Nunpared  willi  treatment  with  IKK*  alone. 
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and  proKOsl crone  arc  capable  of  increasing  the  excretion  of  sodium  in  tin* 
presence  of  DOC  which,  in  its(‘lf,  cansc'd  sodium  rc'tention  under  tlu*  saim* 
conditions. 

This  ef‘f(*ct  was  not  similar  for  all  th(‘  dosages  of  hydrocortisone  or  pro- 
g('st(‘rone  t(“st(‘d.  Hydrocortisone,  at  a  dosage'  of  IS  gg  iidiibite'd  the  sodium 
retaining  activity  of  ti  gg  of  1)()C\  .\t  a  dosage'  e)f  lOt)  anel  ‘200  gg,  inhibition 
e)f  DOC  ele)sage's  ranging  fre)m  0  te)  .”)()  gg  e)ccurre'el.  Ine*re'asing  eleesage's  e)f 
hydroce)rtisone'  te)  ."iOO  anel  1000  gg  inhibitieni  e)f  DOC'  ele)sage's  ranging  freem 
0  to  T200  gg  te)ok  plae*e'. 

Pre)ge'ste're)ne',  at  a  eleesage'  of  2000  gg,  iidiibite'el  the'  seeelium  re'taining 
ae'tivity  e)f  (i  gg  e)f  DOC'.  At  a  eleesage'  of  1000  gg  inhibit ieni  e)f  (i  anel  2") 
gg  of  DOC'  e)e*curreel.  Incre'asing  the  eleesage'  e)f  preege'ste'rone'  te)  (iOOO  gg 
inhibit ie)n  e)f  DOC'  elosage's  ranging  fre)m  oO  te)  200  gg  te)e)k  ])lae'e'. 

Ue'te'  anel  Ve'iming  (1)  using  a  seeme'what  elif’fe're'iit  assay  .syste'in  have' 
shown  that,  in  the  aelre'nah'Ctomize'el  rat,  hyelre)e'e)rtise)ne'  at  ele)sage's  of  lo, 
100,  200  anel  400  gg,  inhibite'el  the  sodium  re'taining  preepe-rtie's  of  3  gg  of 
DOC.  The  concomitant  u.se  of  DOC  ami  hyelrocortisone  brought  about  a 
greater  potassium  excre'tion  than  that  obtaineel  with  DOC  alone.  Kagawa 
ei  al.  (2),  testing  the  effect  of  proge'.sterone  as  a  blocker  of  DOC  in  the 
adre'nalectomize'd  rat  and  utilizing  urinary  Xa  K  ratios  as  the  enel  point, 
obtaine'el  o0%  block  of  12  gg  e)f  DOC  with  ISOO  gg  of  pre)ge'ste'rone'. 

The'  obse'rvatie)ns  maeh'  eluring  this  stuely,  as  we'll  as  the'  eene's  re'pe)rte'el 
by  the'  authors  me'iitione'el  abe)ve,  faih'el  te)  pre)viele'  e'vieh'ue'e'  as  te)  the' 
me'chanism  e)f  actie)n  by  which  the'  ble)e'king  e)f  DOC'  e'ffe'ct  was  bre)ught 
about.  This  e'ffe'ct  ceeulel  be'  elue'  te)  iidiibitie)n  e)f  tubular  re'abse)rj)tie)n  e)f 
soeliuni,  to  incre'ase'el  gle)me'rular  filtratie)n  rate-  e)r  te)  a  e‘e)mbinatie)n  e)f  both. 

.V  the'ore'tie'al  explanatie)n  e'e)ulel  be'  e)t‘fe're'el  if  the'  fe)lle)wing  fae*ts  are'  ce)n- 
siele'ied:  a)  e)ur  e)wn  elata  anel  that  e)f  e)the'i-  weerke'rs  (10  111)  have'  ele'inon- 
strate'el  that  hyelre)e'e)itise)ne'  wemlel  inelue-e'  ine'ie'ase'el  seeelium  e'xcre'tieen  whe'ii 
small  elosage's  are*  use'el,  anel  ne)  e't'fe'e*t  e)r  seeelium  re'taining  e'Ctee-t  with  large'r 
ele)sage's.  The'  se)elium  re'te'ntieen  was  neete'el  whe'ii  a  fixe'el  time'-inte'rval  e)f 
urine'  e'e)lle'ctie)n  was  e'lnpleeye'el  anel  ])re'ce'ele'el  se)elium  eliure'sis  (12);  b)  the' 
fact  that  ine're'asing  seeelium  e'hleerieh'  le)aels  e'lihane'e'  this  re'te‘n1ie)n  by  in- 
Hue'ncing  the'  ame)unt  e)f  filtrate'el  seeelium  as  we'll  as  the*  ameeunt  e)f  seeelium 
re'absorbe'el  by  the'  tubule-s  (14).  The'se'  e't'fe'cts  ele'pe'iiel  e)n  the'  ele'gre'e'  by 
which  the'  e'fl'e'cts  e)f  antieliure'tie'  he)rme)ne's  are'  neei'inalize'el  anel  by  the'  ele)se' 
use'el  (b")  17). 

If  the'se*  fae'ts  are'  true',  it  weeulel  be*  possible-  te)  pe)slula(e'  that,  small 
ele)sage's  e)f  hyelre)e‘e)rtise)ne'  may  ne)t  influcnea'  tubular  re'abse)rj)l ie)n  e)f  se)- 
elium,  but  may  inlUie'ue'e'  gle)me‘rular  liltratie)n  as  sue*h.  Whe'U  e'e)nibine'el 
with  DOC',  the'  small  incre'ase'  in  filtrate-el  se)elium  e'e)ulel  ne)t  eeve'ie-eeme'  the' 
se)elium  re'abse)rj)tie)n  inelue'e'el  by  the'  ameeunt  e)f  DOC'  j)re'se'nt,  the'  ne't  re'- 
sult  we)ulel  be'  se)elium  re'te'iitie))).  Whe'ii  aelministe're'el  in  e'ombinatiem  with 
DOC  large'  elosage's  e)f  hyelre)cortise)ne'  woulel  exert  their  soelium  regaining 
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cfloct  ill  addition  to  that  iiiducc'd  liy  DOC.  Tlu*  iiicroasi'd  sodium  n'tciition 
would  hrinfj:  about  an  imincdiati'  (‘xpansion  of  (*xtrac(dlular  fluid  wliicli 
would  result  in  an  iininediati*  increase*  in  glomerular  filtration  rate*.  The* 
seielium  leiael  re*aehing  the*  tul)ule*s  woulel  be*  subje*cte*el  to  the*  e*ombine*el  e*fl‘e*e*t 
e)f  both  ste*re)iels  i.e*. :  maximum  re*absorption  but,  elue*  to  the*  strong  eliure*sis, 
the*  lu't  e*fl'e*e*t  would  be*  seKlium  kiss. 

l’re)ge*ste*re)ne*  has  be*e*n  ek'monstrate*el  te)  e*xe*rt  seielium  re*taining  activity 
in  de)gs  (bS).  This  action  was  sugge*ste*el  in  re)ele*nts  in  which  proge*ste*re)ne* 
in  large*  amenmts  .suppeirts  the*  life*  e)f  aelre*nale*ctomize*el  animals  (10-20). 
At  the*  ele)sage*s  use*el  in  this  study,  pre)ge*ste*re)ne*  faik'el  to  e*lie*it  any  influe*ne*e* 
em  e*le*ctre)Iyte*  e*xcre*tion.  Ve*ry  large*  elosage*s  e)f  pre)ge*ste*re)ne  we*re*  ne*e*e*ssary 
te)  inelue*e*  se)elium  e*xcre*tie)n  in  the*  pre*se*nce*  e)f  DOC.  It  we)ulel  be*  possible* 
te)  ce)nsiele*r  the*n,  a  elifl‘e*re*nt  me*chanism  of  action  of  proge*ste*rone*  e*e)mpare*el 
te)  that  pe)stulate*el  for  hyelre)ce)rtisone*  in  that,  pre)ge*st crone  may  block  the* 
e*tTe*ct  e)f  DOC  at  the*  tubular  le*ve*l,  without  e*xe*rting  an  appreciable  e*fl‘e*ct 
on  se)elium  re*absorption  or  glome*rular  flltratie)n  rate. 

It  is  evielent  that  more*  experimental  elata  as  re'garels  to  the*  electrolyte* 
action  of  hydrocortisone  and  progesterone  would  be  necessary  to  .sub¬ 
stantiate  these  hypothe^ses. 

The  combination  of  DOC  and  hydrocortisone  proeluced  a  greater  e*xcre*- 
tion  of  potassium  than  that  observed  when  DOC  was  admini.stere*d  alone*. 
The  increa.se*d  potassium  excretion  could  be  due  to  a  renal  effect  or  to 
extrarenal  effects  such  as  an  influence  on  intracellular  pota-ssium. 

Keeping  in  mind  the  reservations  made  here  concerned  with  mode  of 
action,  the'.se  data  showed  that  48  gg  of  hydrocortisone  and  2000  jug  of 
progesterone  were  required  to  produce  approximately  o0%  block  of  6  jug 
of  DOC.  By  compari.son  of  dosages  hydrocortisone  was  demonstrated  to 
poss(*ss,  in  th(*  adr<*nalectomiz(*d  rat,  an  activity  40  times  gr(*at(*r  than  that 
(*licit<*d  by  prog(*st(*rone  in  inducing  sodium  (*xcretion  in  the  presenc(*  of 
DOC. 
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AUSTHACT 

rii(‘  iinportaiicc  of  projtc'stcronc  in  inaintainiipi  pit‘<i;nancv  in  flic  o\aric‘cto- 
inizcd  ral)l)it  is  woll  rstahlislicd.  A  more  thoronyili  nndcrstandinf!;  of  tlu*  pro^i-s- 
tational  function  of  flu*  ovary  was  attempted  tlii'oiifih  the  direct  measun'inent 
of  tlie  values  of  profjesterone  in  tlie  ovarian  xenons  l)lood  at  various  stages  of 
prefjnaney. 

Ulood  was  extracted  hy  a  inetliod  similar  to  tliat  of  Jfiitt  and  Zander.  (Quali¬ 
tative  identification  and  (piantitation  of  i)ro}^<-steron<‘  was  based  on  ehroma- 
tojiraphy,  I'.V.  absorption,  isotope  dilution  and  infra-red  analysis. 

The  coneentration  of  ]»roiiesterone  was  found  to  rise  gradually  to  naich  a 
peak  of  2. .‘hi  nn  ml.  at  mid-pre}> nancy;  this  was  followed  by  a  ftratlual  decline 
in  the  second  half  of  the  pregnancy,  with  consistent  low  values  of  about  0.41 

ml.  two  days  prior  to  parturition. 

Similai'  determinations  were  made  on  peri])heral  blood.  The  curve  was 
similar  to  that  of  tin*  oxarian  V(>in  in  its  jjattern  but  xvith  lesser  eoncentration. 

A  ratio  of  alxnit  I  xvas  eviilent  throughout. 

IX  1920  Allen  and  ('orner  (1)  hesan  a  series  of  experiments  on  pregnant 
rabbits  which  proved  that  castration  in  very  early  pregnancy  prevents 
early  development  and  implantation  and  that  the  administration  of  corpus 
luteum  extracts  maintains  pregnancy  to  term  in  rabbits  castrated  24  hours 
after  mating.  It  is  also  well  known  that  castration  during  pregnancy  is 
followed  by  al)ortion  or  i)remature  delivery.  In  lOoS  Wu  and  Allen  (2) 
were  able  to  maintain  pregnancy  in  rabbits  castrated  24  hours  after  mating 
with  either  progesterone  or  17-alpha-hydroxyprogesterone  caproate  pro¬ 
viding  a  suitable  dose  was  given.  The.se  experiments  point  out  the  impor¬ 
tance  of  the  ovary  in  the  rabbit  for  the  maintenance  of  pregnancy  and 
indicate  that  progesteroiie  is  probably  the  essential  hormone  produced  by 
the  ovary  during  pregnancy.  Also,  there  .seems  little  liklihood  that  there 
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is  a  significant  pxtraKonadal  source  of  pro}j;esterone  in  the  prejiiiant  rafihit. 

'I'lie  aforementioned  experiments  do  not,  of  course,  prove  beyond  doubt 
that  the  actual  hormone  produced  l)y  the  ovary  of  the  prefinant  rabbit  is 
progesterone.  The  evidence  indicates  oidy  that  progesterone  is  an  adecjuate 
profiestational  afient  for  the  ral)bil.  To  be  mor(‘  certain  that  pro<j;esterone 
is  tlie  prof?estational  ajient  of  the  ral)bit  it  is  necessary  to  eitlier  isolate 
progesterone  from  the  ovaries  of  the  rabbit,  or  preferably,  to  measure  the 
amount  of  progesterone  in  the  blood  of  the  ovarian  veins.  The  ])re.sent 
experiments  were  de.dgned  primarily  to  find  out  whether  or  not  proges¬ 
terone  as  such  is  produced  by  the  rabbit  ovary  and  secondarily  to  ascertain 
the  fluctuation  in  the  level  of  j)roduction  of  progesterone  which  Juay  occur 
as  pregnancy  progresses. 

MATERIALS  AND  METHODS 

For  all  the  studies  wliite  New  Zc'aland  ral)l)its,  wtanhiun  from  (‘ifjlit  to  ten  pounds, 
were  used.  I’reKuauey  was  viuified  at  laparotomy  by  obscux  iiin  the  numb(‘r  (tf  fetuses 
present  or  by  recoxcuiiift  the  blastoi-ysts  in  the  eases  studieil  jjrior  to  imi)lautatiou. 
The  number  of  eor))ora  lutea  was  also  recorded.  .Ml  oix'iations  were  ixuformeil  umh'r 
nembutal  am'stliesia,  supplemente(l  with  ether.  The  ovarian  vein  of  the  rabbit  was 
isolated  and  all  its  non-ovarian  tributaries  were  lijiated.  Ten  nifi.  of  heparin  were  in- 
jeete(l  intravenously  in  the  marginal  (‘ar  vein.  A  small  polyethylene  catheter  was  then 
inserted  in  the  ovarin  vein  find  bhmd  allowed  to  drij)  into  a  Hash.  Sometimes  both 
ovarian  veins  were  tappetl  simultaneously,  (’are  was  taken  to  cover  the  abdominal 
visc<‘ra  and  to  kee])  the  aidmal  warm  while  the  blood  was  dripping.  .V  .■)()  cc.  blood  sample 
was  usually  collectecl  in  a  period  of  4.5-7.5  minutes.  .V  few  samples  were  obtained  from 
th»‘  aorta  and  heart  for  measurements  on  peripheral  blood. 

The  extracti(tn  of  the  profjesterone  fiaun  the  whole  h(“|iarinized  l)lood  was  carried  out 
as  follows: 

a)  tracer  amount  of  pro};esterone  of  known  six'cific  activity  was  added  to  the 

blood  which  was  extractecl  immediately  with  10  volumes  of  (‘ther-ethanol  1  :  '.i,  centri- 
fufied  and  the  supernatant  fluid  evaporated  to  dryness.  The  residue  was  taken  up  in 
ethyl  ae(‘tat(‘  and  water  and  then  extracted  with  etpial  volumes  of  ethyl  acetate.  The 
water  was  discarded  and  the  ethyl  acetate*  evaporated  to  dryness  ;md  the  residue  <lis- 
solveil  in  709^  methanol.  This  was  then  chilled  at  —  1.5°  ('  for  24  hours  and  eentrifuited  to 
s(‘parate  tin*  lipids.  The  70%  methanol  was  diluted  with  two  volumes  of  water  and  c'.x- 
tracted  with  eepial  volumes  of  liftht  petroleum  ether  (R.P.  3.5°  — 4.5°  (’)  yieldiiif^  a  i)ro- 
j^esterone  concentrate  suitable  for  paper  chromatofj;rai)hic  ])urification  (3.  4).  Number  two 
Whatman  filter  jeaper,  pre-washed  at  least  48  hours  with  absolute  methanol,  was  used. 
The  Skelly  C-formamide  system  was  employed.  After  <levelopment  of  the  chromato>tram, 
the  i)roKest(“rone  zone  was  located  by  both  T.V.  liftht  absorption  and  by  the  radioactivity 
of  the  trae(>r  prof'esterone.  The  progesterone  spot  was  cut  and  eluted;  a  corresi)ondin}>: 
blank  i)i(‘ce  of  pa])er  was  also  (‘luted.  Both  tin;  ])roKesteron(‘  and  the  blank  eluates  were 
transferred  to  the  spectrophotometer  cells  and  the  F.V.  absorption  curve  was  im'asured. 

The  validity  of  the  (piantitative  measurements  of  ])ronesterone  in  tin*  sam])le  is 
de])endent  upon  the  “])uritv”  of  the  absorption  curves  obtaiiu'd.  The  “inirity”  of  the 
absorption  curve  of  the  sam])le  was  compared  with  curves  obtained  with  com))arable 
amounts  of  pure  ])roKesterone.  To  obtain  r(*f(*rence  curves,  standard  solutions  of  |)ro- 
fjesterone  containing  amounts  varyiiif^  from  1.25  /if?/"*!-  (*•  -b  w(*re  i)rei)ared 
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and  tli(‘  al)s(iri)tion  sju'ctra  dcttMiniiii'd.  Fntni  these  eiirvi's  t\v<(  standard  K  values  wi'ic 
oittained. 


I  tensity  .at  t(( 
I  tetisity  at 
I  tensity  at  2  Id 
I  tensity  at  2.ad 


d'liese  two  constants  actually  s(‘rve  as  measures  of  tlu'  ratio  of  the  density  at  the  point  ()f 
inaxiinuin  ahsorption  (240  nipt)  to  the  tihsorption  at  two  fixed  itoints  on  either  side  of 
the  maxiinum  (2d()  in/;i  ainl  2.‘)0  niju). 

Tin'  ultraviolet  ahsorption  curves  of  the  various  samples  were  considered  for  (pianti- 
tation  only  when  both  their  Ki  and  Ko  values  fell  within  the  ran^e  of  the  valiU's  for  pure 
Itrotjesterone  of  similiir  amount.  \\  hen  the  curves  of  the  samide  did  not  (pialify  for 
(piantitation.  the  sam])le  was  subjected  to  a  second  chromatoffraphic  separation.  Tlie 
actual  i)ro}testerone  content  of  the  original  l)lood  sample  was  finally  calculated  from  the 
percentage  of  the  oriflinal  radioactivity  found  to  be  pn'sent  in  the  final  fraction  on 
which  the  ultravioh't  absorption  si)ectrum  was  obtained.  The  yields  actually  varic'd 
from  5o-709c- 

The  qiu'stion  may  probably  arise  as  to  whether  or  not  the  material  finally  determined 
as  pn»}restt‘ron('  was  really  profiesterone.  The  supposition  is.  of  coursi',  that  the  compound 
is  projiesterone.  I'lie  metlntd  of  preparation  (»f  tin*  extract  is  one  known  to  yield  pro¬ 
gesterone:  th('  mobility  of  the  extracted  compound  in  the  Skelly  ('-formamide  system 
is  the  saim*  as  tlu'  mobility  of  progesterone  in  this  system  and  iilentical  with  that  of  the 
admixed  authentic  4-(’'^  prost'sterone.  Furthermore,  the  F.V.  absorption  si)ectrum  is 
the  same.  Finally,  the  i<lentificatioli  of  the  extracted  compound  as  progesterone  was 
established  by  infra-red  absorption.  To  obtain  the  infra-red  absorption  spectrums,  the 
samph's  on  which  the  ultravioh't  absori)tion  was  determinc'd  were  jjooled  and  further 
purifi('d  by  absorption  and  ('luticui  from  an  alumina  column.  .\  20  microgram  alicjuot 
was  used  for  the  (h'tc'rmination  of  the  infra-rc'd  sj)('('trum.  TIk'H'  was  good  agn'eim'iit 
Ix'twec'ii  th('  extr.-ictc'd  s:im])h'  and  authentic  i)rogesterone  (Fig.  1). 


RESULTS 

The  valiie.s  obtained  for  the  concentration  of  profre.sterone  in  ovarian 
venons  l)loo(l  are  ^iven  in  Figure  1.  A  level  of  0.4  gg,  nil.  on  ‘ind  day  after 
mating  ro.se  gradually  to  l..')l  on  day  10,  to  reach  a  maximum  of  2.:i()  on 
day  If).  From  there  the  level  dropped  gradually  to  l.Oo  on  day  20,  1.07 
on  day  20,  followed  hy  a  consistent  drop  to  0.()2  on  day  80,  0.44  on  day 
81  and  0.41  during  parturition.  No  progesterone  was  detected  four  days 
post  partum. 

.A  smaller  number  of  pregnant  rabbits  were  used  for  the  determination 
of  progesterone  in  the  peripheral  blood.  The  values  obtained  were  much 
lower  than  the  values  obtained  from  the  venous  blood.  The  maximum 
value  was  .still  found  at  the  .same  stage  of  gestation  (lOth  day)  as  the 
maximum  found  in  the  ovarian  venous  blood.  A  level  of  0.14  jug.  was 
present  on  the  10th  day,  0.48  jug.  on  the  10th  day  and  0.00  jug.  on  the 
28rd  day  (Fig.  2). 


DISCUSSION 

The  levels  of  progesterone  in  the  peripheral  blood  of  the  pregnant  rabbit 
have  been  previously  studied  by  Zarrow  and  Xeher  (5)  using  the  Hooker 
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and  Forbes  inetliod  of  l)ioassay.  Our  results  are  iu  marked  eoutiast,  not 
only  iu  tlie  iuat?uitude  of  the  values  they  obtained  by  the  bioassay,  but 
also  iu  the  pattern  of  their  eurve  of  protest eroue  duriu}>:  pref?uauey;  they 
illustrated  a  eurve  with  values  eoutimnufj;  to  rise  up  to  dO  minutes  post 


Kui.  1.  Infra-riMl  al)s(iri)tioii  spoctra  of  autluMitic  proffi'stcroiic  (upper  eurx’e)  and 
lirofjc'steidiie  ('xtracteil  from  ovarian-vein  l)lood. 
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Fig.  2.  l’roy;esterone  levels  in  whole  blood  at  various  stages  of  pri'f^naney  in  the  rabbit 
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partuin.  Our  iesiiltf>  from  the  ovarian  blood,  on  tlie  other  hand,  show  a 
curve  that  readied  it.s  peak  at  midpregnancy,  declining  gradually  there¬ 
after  with  a  consistent  drop  two  to  three  days  prior  to  delivery.  In  fact, 
our  peripheral  blood  values  .seem  to  follow  the  same  pattern  as  the  ovarian 
only  in  far  smaller  concentration. 

I'idgar  and  Konaldson  ((>)  mea.suring  levels  of  progesterone  in  the  ovarian 
vein  and  uterine  vein  of  ewes  report  that  no  progesterone  could  lie  detected 
two  weeks  prior  to  parturition.  Short  (7)  measuring  peripheral  blood  levels 
of  progesterone  in  the  pregnant  cow  shows  a  consistent  drop  of  the  level 
of  progesterone  before  parturition.  Kimura  and  Cornwell  (S)  found  by 
bioassay  that  the  progesterone  content  of  sows  ovaries  rises  rapidly  during 
the  first  two  weeks  of  gestation  and  then  remains  at  a  faith’  constant 
level  until  near  term.  Assays  of  ovaries  shortly  prior  to  term  showed  no 
progesterone.  Forbes  and  Hooker  (9)  showed  similar  results  in  their  deter¬ 
mination  of  the  progesterone  concentration  in  the  pregnant  mouse.  Our 
re.sults  from  ovarian  venous  blood  are,  therefore,  in  accord  with  the  above 
ob.'^ervations. 

In  the  jtregnant  rabbit  it  is  well  estaltlished  that  castration  leads  to 
abortion;  that  pregnancy  in  the  castrated  animal  can  be  maintained  with 
exogenous  progesterone;  that  administration  of  progesterone  at  term  will 
delay  parturition  (10).  To  this' we  add  another  fact,  that  the  production 
of  progesterone  consistently  drops  as  term  approaches.  It  seems  logical 
then  to  conclude  that  the  high  values  of  progestins  reported  by  Zarrow 
and  Xeher  before  and  during  parturition  represent  compounds  other  than 
progesterone  that  give  a  positive  re.siilt  in  the  Hooker  Forbes  bioa.s.say, 
bjit  do  not  exhibit  any  iidiil)itory  effect  on  the  act  of  parturition  in  the 
ral)bit. 

There  are  several  biological  changes  which  occur  in  the  rabbit  in  the 
latter  ])art  of  pregnancy  that  are  of  interest  in  the  light  of  the  decreasing 
levels  of  progesterone  as  term  approaches.  First,  the  mammary  glands 
begin  to  secrete  milk  several  days  prior  to  delivery,  and  second,  the  rabbit 
usually  l)uilds  a  nest  of  fur  al)out  two  days  before  delivery.  .\t  least,  in 
the  ca.se  of  parturition  delayed  by  the  administration  of  progesterone,  nest 
building  is  likewise  usually  postponed.  The  decreasing  levels  are  in  keeping 
too  with  (he  ob.servations  by  Heckel  and  Allen  that  the  sudden  with¬ 
drawal  of  progesterone,  after  treatment  for  25  days  with  estrogen  and 
])rogesterone  in  castrated  non-])regnant  rabbits,  residts  piomptly  in  nest 
l)uilding  and  lactation.  Likewi.se,  the  escape  of  the  myometrium  from 
progesterone  dominance  in  the  last  two  or  three  days  of  pregnancy  points 
to  relative  progesterone  deficiency.  It  ai)pears  then  that  the  decreasing 
levels  of  |)rogesterone  as  the  time  for  parturition  approaches  are  related 
in  some  significant  way  to  (he  biological  clauiges  which  ultimately  result 
in  birth  of  the  fetuses. 

The  actual  levels  of  i)rogesterone  observed  during  jtregnancy  are  in 
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keeping  \vitli  the  known  amounts  of  i)rofiesterone  re(piirecl  to  maintain 
pregnancy  in  the  castrated,  pregnant  ral)l)it.  Ileckel  and  Allen  found  that 
1.0  mg.  daily  was  adecpiate  to  maintain  pregnancy  when  castration  was 
done  on  the  12th  day,  whereas  2.0  mg.  was  inadecpiate.  W’u  and  Allen 
also  noted  that  2.0  mg.  of  17-alpha-hydro.\yprogesterone  caproate  was 
sufficient  to  maintain  pregtiancy.  While  we  have  no  really  accurate  way 
of  measuring  the  total  daily  output  from  the  ovaiies,  a  rough  approxima¬ 
tion  is  possible.  Usually  40  ml.  of  whole  blood  was  obtained  from  one 
ovarian  vein  in  about  one  hour.  .Assuming  a  value  of  l.o  jug  per  ml.  per 
hour  from  each  ovarian  vein,  we  obtain  a  value  of  2.SS  mg.  for  the  daily 
output  at  the  mid-point  of  ])regnancy.  Similarly,  l)y  using  a  value  of  0.1 
/ig  per  ml.  at  the  end  of  jtregnancy  for  the  calculation,  the  daily  output  is 
oidy  .77  mg.  per  day.  These  calculations  certaitdy  indi(*ate  that  the  amount 
of  progesterone  elaborated  by  the  ovary  is  in  the  same  oidei’  of  magnitude 
as  the  amount  reipiired  when  given  subcutaneously  in  oil  to  maintain 
pregnancy  in  the  castrated  rabbit. 
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lodinc-contaiiiiiin  suhccllular  i)articl<*s  in  liomrjfrcnatcs  of  a  traus])lantal)li‘ 
thyroid  tumor  in  rats  liav(*  tu'cn  shown  to  !)(■  h»‘t(‘ro}f(“nof)us  with  n'spcct  to 
flcnsity  and  size.  Three  more  or  less  distinet  fjroups  of  such  partieles  have  l)een 
isolated  on  the  basis  of  ])artiele  size.  Two  (tf  these  would  b(‘  isolated  with  the 
“mitoehondrial”  fraeti(m  anil  one  with  the  “mierosomal”  fraetion  by  elassieal 
t(‘ehni(|Ues. 

Similar  t>;roui)s  of  iodine  eontainiiifi  j)artieles  hav(‘  been  found  in  non- 
tumorous  thyroid  tissue  from  various  animals.  The  distribution  of  iodine  in  the 
partieles  of  hofj  thyroid  is  similar  to  the  distribution  in  the  tumor  i)artieles. 

Th(‘  two  firoups  of  smaller  iodine  eontaininu  i)artieles  in  hoR  thyroid  tissue 
eorr(‘s|)()nd  closely  with  i)artieles  from  this  tissue  which  produce  a  ])articulate 
iodoprotein  in  a  eell-free  system. 

Xo  role  in  hormone  biosynthesis  can  yet  Ix'  assiffiu'd  to  these  i)artieles. 

Till']  ondopla.'^inic  rotipiilum  of  thyroid  cells  as  olt.'-crved  by  electron 
microscopy  chatigt's  with  .s(*crctory  activity  of  thc.se  cells  (1,  2,  J), 
It  is  not  cl(*ar  whether  these  observations  imply  that  iodinat(*d  materials 
art'  a.s.sociated  with  this  structure.  Recent  studies,  however,  have  shown 
that  a  small  amount  of  iodint*  is  found  in  subct'llular  particles.  Rerabt'k 
(4)  found  that  2.7%  of  th('  thyroxine  and  4.7%  of  the  diiodotyro.sine  of  hop; 
thyroid  ti.ssuc  wt're  in  the  nuclt'ar  fraction.  Xt'gligible  amounts  of  th(*.s(> 
amino  acids  wert'  found  in  tht'  large  and  small  granule  fractions  (Rerabek’s 
Chondriomt'  I  and  II). 

Taurog  el  al.  (o)  a.ssayt'd  nuclei  and  a  mixture  of  mitochondria  and 
microsomes  from  shet'p  thyroid  for  total  iodine  content.  Their  re.sults  show 
that  the  nuch'ar  fraction  contains  0.8o-3.0%  of  tin*  total  thyroid  iodine 
while  the  combined  mitoehondrial-micro.somal  fraction  contains  3. 3-4. 7% 
of  the  total  iodiiu'.  Tlu'  remainder  was  found  in  the  soluble  fraction. 

Recc'iitly  !'•*'  has  been  us(‘d  to  indicate  the  iodine*  conte'iit  of  subcellular 
particle*  frae-tieens.  Re)bbins  cl  al.  ((>)  she)we*el  that  all  sube*e*llular  particle's 
e*e)mbine*el  e*e)ne*e*nt rate*  eenly  abeeut  5%,  e)f  the*  !'■*'  in  nentnal  thyreeiel  glands 

He'ccivcil  December  .‘t I .  IbCtO. 

'  .\  preliminary  ri'port  of  this  work  appeared  iii  Fed.  I’roc.  Vol.  1!).  fl.  j).  173  (KXiO). 
-  I’reseut  .\ddress:  Department  of  I’atliolofiy,  Yale*  rniver.sity  Scbeiol  of  .Medicine, 
Xe'w  Havem,  ('onneeticut. 


.510 


S,i,temh(r.  /.%7  lODINK  COXTAINIXC  (’KLL  PAHTICLKS 


ol  1 

lal)(*l(‘cl  in  vivo.  Similar  n'sults  \v(‘n‘  ohtaiiual  witli  in  vitro  labchal  tliyroid 
slice's.  1 )('( Iroot  (7)  found  a  similar  amount  of  iucorporat('<l  into  suh- 
('('llular  particles. 

'PIk'  distrihution  of  !'■*'  in  soluhh*  and  particulate  poitions  of  tlie  jiland 
is  different  in  alniormal  thyroid  tissue  than  in  normal  tissue.  Kohhins  (ti) 
et  ol.  found  up  to  ‘M%  of  the*  total  concentrated  by  human  thyroid 
neoplasms  to  be  in  the  particulate'  frae*tie)ns.  A  transplantable'  rat  thyrenel 
tumor  (S)  e'oncentrate'el  up  to  ”)0%  of  the'  total  ioeline'  ince)rporate'el  by  the' 
tumor  in  the  .subce'llular  partie*le's.  Parly  e'xpe'rime'iits  susse'ste'el  that  most 
e)f  the  particulate  I'^'  in  this  tumor  was  associate'el  with  the  iiuch'ar  frac- 
tieui.  Xuch'ar  fractions  were'  pre'pare'el  anel  most  of  the  “nuch'ar”  was 
sedubilize'el  from  the'  particles  as  an  ioele)prote'in.  Pre'liminary  reports  e)n 
some  of  the  physical  pre)pe'rtie's  e>f  this  prote'in  ele'me)nstrate'el  that  it  is  ne)t 
thyroglobulin  (9,  10). 

De'droot  (11)  also  femnel  that  particulate  ioeline  is  incre'ase'el  in  human 
thyroiel  carcinomas,  anel  he'  eh'scribe'el  two  ca.se's  e)f  conse'iiital  s^ler,  in 
one  of  which  particulate  ioeline  was  elecre'a.se'el  while  in  the  otlu'r  it  was 
increa.se'el.  DeClroot  anel  Carvalho  (12)  late'r  solubilizeel  an  ie)ele)protein  fre)m 
the  mitochondrial  fractions  of  both  slu'e'p  anel  human  thyre)iel  glanels  u.siiifj; 
eh'oxycholate,  and  founel  that  this  prote'in  is  elistinct  from  thyrof>:le)bulin 
in  .se'elinu'ntation  constant  and  immunole)gic  be'havior. 

Other  stuelies  have  shown  that  enzyme's  capable  of  e*atalyzins  ioelinatie)!! 
re'actions  are  also  founel  in  particulate  fractions  of  thyrehel  ce'lls.  We'iss  (111) 
showe'el  that  ce'll-fre'e'  suspe'nsions  of  thyroiel  tissue'  particle's  can  orfijatiify 
ioeline'  if  supplemente'el  with  tyrexsine'  anel  coppe'r.  The  nuclear  anel  mito- 
chonelrial  fractions  were'  founel  to  be'  the  most  active'.  .More'  re'ce'iitly  Taure)fj: 
anel  his  f^roup  (o)  have  founel  that  the'  ce'll-fre'e'  particles  ine'orporate'  P'*' 
without  suppleme'ntation  by  e'opper  anel  tyrosine'.  Flavine'  e*e)-facte)rs  in  the' 
pre'se'nce'  of  light  anel  ce'rtain  epiinone's  (14)  incre'ase'el  ince)rpe)ratie)n  by  the' 
particle's,  which  are'  most  active'  at  pll  9-10.  .Anae'robiosis  is  iidiibitory  te) 
this  system  (15).  Sube'e'llular  fractions  were  i.solate'el  in  Kre'bs-llinge'r  bi- 
e'arbonate  .solutiem  using  conve'ntiemal  ce'ntrifugal  force's,  anel  it  was  fe)unel 
that  the  nuch'ar  fraction  has  little  ioelinating  activity  while'  the  mite)- 
chonelrial  anel  microsomal  fractions  are'  about  e'epially  active'. 

Tong  anel  Chaikoff  (10)  have'  stuelie'el  the  rate'  of  eliioelotyrosine  fe)rma- 
tiem  in  the  soluble  anel  particulate'  portions  of  in  vitro  labe'h'el  thyre)iel 
.slice's  anel  in  vitro  lal)e'le'el  thyroiel  homogenate.  In  both  .sy.ste'ins  the  .MIT 
/DTP  ratio  e)f  the  particle's  is  10-15  afte'r  15  minute's  of  incubation  with 
P®*  anel  falls  to  about  4  after  2  hours.  The  soluble  ioeloprotein  she)ws  a 
ratio  e)f  5-5  initially  which  al.so  ele'creases  with  time.  These  e'xperime'iits 
sugge'st  that  the'  ioelination  of  particle^s  observe'el  in  e'e'll-fre'e  .sy.ste'ins  prei- 
e'e'e'els  similarly  to  that  ob.serveel  in  intact  ce'lls. 

.Morphological  anel  bioche'inical  stuelie's  thus  sugge'st  that  subce'llular 
particle's  have  a  ro’e  in  the  ioeline  metabedism  of  the  thyroiel  cell.  The  fed- 
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lowing:  (‘xp(“riin(‘iits  an*  coiiccrncd  witli  a  furtlu'r  study  of  tlu*  partich's 
from  a  rat  thyroid  tumor.  Similar  iodine  containing  particles  an*  (h'scrilx'd 
in  normal  thyif)id  tissue,  and  tlx*  possibility  that  these*  iodine*  e*ontaining 
partie*le*s  may  have*  senne*  re)le*  in  ieeelination  is  investigate*el. 


.M ATKKIALS  AM)  MKTHe)I)S 

Tlii)roi>l  TiitxiH  One*  of  tlie*  fiinctioiiiil  rat  tliyroiil  tumors  <l(‘ve‘lo|M‘(l  hy  Dr.  S.  II. 
W’ollmaii  (17)  of  the*  Xatioiial  Caiicor  Institute  (  W'oll man's  line  l-S)  was  used  for  tlu*se 
e.\l)(*rimeiits  leecause  it  eoiieentrates  an  unusually  lar<je  amount  of  i)artieulate  iexlim*. 
This  is  the  same  tumor  that  was  used  in  earlie'r  studies  on  jeartieidate*  iodoprote'ins 
(S.  !)).  The  tumors  we're  used  two  to  tlire'e*  months  followiii!!  hilateral  sul)eutane*ous  trans¬ 
plantation,  at  whie  h  time*  tlu'y  we'ifilie'el  3-7  y;.  e'ae-h.  Otlmr  semiee's  eef  thyretiel  tissue*  are* 
eh'serihe'el  in  tlu*  seetieen  een  e'xiu'i  iine'nts. 

Lahding — Tor  in  tiro  lahe-liny,  eef  tumeir  he-ariny,  rats,  .700  fit-  e»f  1'”  was  inje*ete'el  intra- 
jee'riteme'ally  intet  e'ae  h  animal.  Cah  edatieins  eef  tumeer  raeliatiein  eleesaye*  (S)  sluewe'el  that 
the*  teetal  irraeliatiem  was  h'ss  than  that  whie-h  wejidel  e-ause*  neermal  thyredels  tee  eliseliarye* 
thyre»!>lohulin  inte»  the*  hheenl.  4N-ei0  heuirs  were'  alleewe-el  tee  e-lapse-  he-twe-e-n  injeetieui  anel 
sae-ritie-e-  eef  tlie-  animals  tee  pieiviele-  maximum  lalee-liny  eef  the-  suhe-e-lhdar  partie-le-s.  The* 
animals  we-re-  the-n  e-the-rize-el  anel  e-xsanyuinate-el.  anel  the;  tumens  we-re-  elisse-e-te-el  frenn 
tlu-ir  suhe-utane-ems  heeatiems  ;inel  trimme-el  eif  e-xtrane-ems  tissue-. 

McaxnrcnK  nt  of  /'■” — Haelieiae  tivity  w  as  assaye-el  w  ith  w  e-ll-type-  se-intillatieen  e-ounte-rs 
w  ith  seielium  ieeelieh-  e  rystals.  The-  preehahle-  e-rre)!-  in  e  emntins!;  was  he-letw  '•  !-•■)%• 

Ifoniogi  nizntion — The-  tissue-s  we-re-  slie-e-el  w  ith  a  razeer  hlaele-  anel  heuneeye-nize-el  usiny  a 
l*eitte-r-Klve-hje-m  meeten-elrive-n  ylass  hemieeye-nize-r  imme-rse-el  in  an  ie-e'-wate-r  hath  (0°  C). 
The-  heuneeye-nate-  was  straine-el  threniyh  e-eearse-  ine-sh  e  eetteen  yauze-. 

Cenirifngation  'i’wei  instrume-nts  we-ie-  use-el  feir  e-e-ntrifuyatieni:  the*  Inte-rnatienial 
He-friye-rate-el  Ce-ntrifuye- aeiel  the-  Spine-ee  .\letele-l  L  re-friye-rate-el  edtrae-e-ntrifiiye-.  Centrifu- 
yatieui  was  ehuie-  at  0-20°  ('.  Ce-ntrifuyatiem  te-ehniepie-s  are-  ele-se-rihe-el  in  the-  ne-xt 
se-e-tietn. 

EXt  ERIMEXT.S  AND  UESl’LTS 

*4  utoriidiogriipluf 

Marly  attempts  to  fractionate  lal)e*le*el  rat  tumor  ti.ssue  in  O.HS  M 
sucrose*  by  the*  teclmiejne*  of  IIog(*boon'.  ct  al.  (IS),  .sngge'ste*d  that  the  nuclei 
containe*d  most  of  the  particulate  radioioeline  although  the  two  other 
particulate*  fractions  also  containe*d  variable*  amounts  of  ioeline*  (S).  In  an 
att(*mpt  to  pretviele*  aelelitional  (*viel{*n(*e  localizing  the*  particulate  raelio- 
activity  to  the*  nue'le*ar  fractie)n,  autoraeliography  was  pe*rfe)rmeel  with 
labe*le‘el  tumor  nue*le*ar  fractions  by  Dr.  L.  Se*hre)e*eler  e)f  the*  National  Cance*r 
Institute*  using  Koelak  Fine  drain  Autoraelie)graphic  Stripping  Film  (AU 
10).  The*  he)me)ge*nate  was  applie*el  to  a  glass  sliele  as  a  smear  anel  the  film 
applie*el  on  top  of  this.  The  e*xpe)sure*  time  was  2  we*eks.  As  shown  in  Figure 
1,  the*  e)xielize*el  silve'r  grains  in  the*  film  are*  associateel  with  .some  aggregate'fl 
mate*rial  which  cannot  be*  se*e*n  in  ele'tail  by  light  microscopy.  The  nuclen, 
staine*el  with  (Jie*msa  stain,  are*  not  a.s.se)e*iate*el  with  grains,  anel  the  raelio- 
activity  originally  be*lie‘ve*el  te)  be*  in  the*  nucle'i  must  have  be'on  in  the  con¬ 
taminants  e)f  the*  nuch'ar  fraction. 


I 


Fig.  1.  AutoradioKrapli  of  the  liomo^onatc  from  tlic  rat  tumor  (approximately 
()2(K)X).  Twf)  nuclei  are  shown  in  tliis  tifrure.  liowever,  neither  of  tliem  is  tissoeiated  witli 
film  ffianules  which  would  indicate  radioactivity.  Instead  the  radioactivity  is  associated 
with  asKrcgated  non-nuclear  partieh's.  Tiie  rijiht  hand  portion  of  the  illustration  shows 
these  radioactive  particles. 
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Ti.ssiic  Fravtionalion  Fxpcrimenis 

I.  (Ma.><sical  T(‘(‘lini(iu(‘.'<  of  DittVrontial  ('(‘iit rifusation 

T1h‘  (listril)Ution  of  iodine  in  the  ela.'^sieal  .‘^uhec'llular  fiaetions  wa.'^  r(*in- 
v<“stiKat(‘(l  nsinfj;  sev(‘ral  iiK'thods  of  dilfenaitial  (‘(‘iitrifufiation.  In  all  ea.s(‘.s 
th(‘  tumors  \v(‘re  lioinosoiiizi'd  in  ten  times  tlu*ir  wc'ifjht  of  tlu*  appro])riate 
.solution,  and  the  homoj!:enat(‘s  were  filtered  through  gauze*  Ix'fore*  use*.  The* 
forc(*s  d(*seril)<*d  are*  the*  ave*rage*  (mieltuhe*)  for(*e*s  applie*el. 

Method  *4.  This  me*the)el  of  He)ge*l)oe)m  (19)  involve*s  honmgenizing  tissue* 
in  a  ().2o  M  sueiwe*  .sedution,  pre*eipitating  a  nuele*ar  fraction  by  e*e*ntrifuga- 
tie)n  for  10  minute*s  at  000  g,  pre*cipitating  a  mitochonelrial  pe*lle*t  from  the* 
re*sulting  supe*rnatant  at  24,000  g  for  10  minute*s,  anel  from  that  super¬ 
natant,  precipitating  a  microsomal  fraction  by  ce*ntrifugation  at  54,000  g 
for  e)ne  hour.  This  me*thoel  was  trie*el  with  anel  without  the*  aelelition  of 
I.SXIO’’  M  CaCl-.  to  the  sucrose*  .solution. 

Method  li.  The*  techniepie*  of  Hoge*be)om  et  (d.  (IS)  using  O.SS  .M  suciwe* 
was  also  e*mple)ye*el.  This  te'clmiepie  incluele's  the*  pre*paration  of  a  nue*le*ar 
fractiem  in  a  two  phase  .system.  The  he)me)genate  in  O.SS  M  sucrexse  is 
lighter  than  the*  cle*ar  O.SS  M  .sucrose*  solution,  and  is,  therefore*,  e*asily 
layereel  e)ve*r  twie*e*  its  volume*  of  cle'ar  .sucrose*  .solution.  Centrifugation  at 
000  g  fe)r  10  minute*.s  pre*cipitate*el  the  nucler  fraction.  The*  .supe*rnatant 
from  the*  nucle*ar  pre*cipitation  was  ce*ntrifuge*el  for  20  minute*s  at  24,000  g 
to  se*dime*nt  mitochonelria,  anel  the  .supe*rnatant  resulting  from  that  ce*ntrif- 
ugatie)n  was  ce*ntrifuge*el  at  41,000  g  for  two  hours  to  pre*cipitate  micre)- 
.se)me*.s.  Pre*paratie)ns  e)f  fractions  were  eleme*  with  anel  without  the*  aelelition 
e)f  CaCb  to  the*  sucro.se  solution. 

In  the*.se  ti.ssue  fractionation  e*xpe*riments,  the  nuclear  fractions  we*r(* 
pre*pare*el  in  the*  re*frigerate*el  Inte*rnational  ce*ntrifuge*  using  a  horizemtal 
(^209  or  2S4)  reHor.  The  other  fractions  we*re  pre*pare*el  in  the*  Spinco  Me)el(*l 
li  e*e*ntrifuge*  using  an  angle  (#50  or  #40)  rotor. 

The*  re*.sults  e)f  the*.se  e*xperime*nts  are*  at  .some*  variance*  with  the*  originally 
publishe*el  re'.sults  (S)  as  shown  in  Table  1.  Me)st  striking  about  these  re*sult.s 


Tabi.e  1 


1  iu‘  of  (‘(‘lliil.ir 

IVrccntaKc  of  total  tumor  j)rc.scnt 

in : 

fractionation  used 

Nuclear 

fraction 

Mitochondrial 

fraction 

Microsomal 

fraction 

Soluhlc 

fraction 

Method  .\  e).2.5  M  sucrose 

1.  With  calcium 

it 

18 

18 

.7.') 

17 

22 

21 

40 

2.  Without  calcium 

1 

7 

7 

85 

2 

10 

32 

.50 

Method  H  0.88  M  sucrose 

1.  With  calcium 

21 

17 

0 

.5(i 

24 

31 

8 

37 

2.  Without  calcium 

13 

13 

13 

til 

12 

20 

1.') 

44 

2.  Witliout  calciiiin 
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is  th(‘  variation  with  the  niothod  ('inployc'd,  hotli  in  tlio  amount  of  particu¬ 
late*  iodine  contaiiu'd  in  diff(*r(*nt  tumors,  and  in  the  distrileution  of  tliis 
iodine  ainons  the*  various  suhce'llular  fractions,  Tlie  addition  of  calcium 
to  the  fractionating  medium  increases  the  amount  of  iodine  appe'aring  in 
the*  large*  particle*  fractions.  ()the*r  inve*stigators  (20)  have*  ele*scrit)e*el  clump¬ 
ing  of  small  granule*s  in  the*  pre*se*ne‘e*  of  calcium.  The*se*  re*sults  show  variable* 
ame)unts  of  raelie)activit y  ine*e)rpe)rate*el  by  the*  nucle*ar  frae*tion,  althenigh 
the*  autoraeliographic  re*sults  make*  it  e*vielent  that  this  “nue*le*ar”  ioeline*  is 
pre*se‘nt  in  the*  ce)ntaminants  eef  the*  fraction. 

II.  Sucre)se*  (lraelie*nt  ('e*ntrifugatie)n 

d'he*  appe*arance*  of  substantial  ])e*re*e*ntage*s  e)f  ie)ele)prote*in  in  be)th  the* 
initoche)nelrial  anel  micre)se)mal  frae*tie)ns  as  isolate*el  by  se*ve*ral  te*chnieiue*s 
inelicate*el  that  the*  ioelinate*el  particle*s  elo  not  fall  into  any  single*  narrow 
range*  e)f  size.  Sucrose*  graelie*nt  e*e*ntrifugation  has  be*e*n  use*el  to  pre*pare* 
sube*e*llular  e*onstitue*nts  which  are*  not  separable*  by  classi(*al  fractiematieen 
te*chnieiue*s  (21,  22,  2d,  24).  It  has  also  be*en  use*el  as  an  analytical  toed  te) 
ele*te*rmine*  size*s  of  particle*s  containing  various  e*nzyme*s  e)r  compounels 
(2"),  20).  In  this  stuely  sue*re)se*  graelie*nt  ceidrifugation  was  use'el  to  ele*te*r- 
mine*  whe*the*r  the*  appe*arance*  e)f  in  both  the*  mite)che)nelriat  anel  micre)- 
soinal  fractie)ns  inelie*ate*el  ])article*s  of  a  wiele*  range*  e)f  ele*nsity  e)rwhe*the*r 
the*re*  we*re*  se*ve*ral  eliscre*te*  classe*s  of  particle*s.  Xume*re)us  graelie*nts  whie*h 
hael  be*e*n  ele*vise‘el  for  varie)us  purpe)se*s  by  e)the*r  we)rke*rs  we*re*  trie*el,  anel  a 
slight  moelificatie)!!  e)f  a  graelie*nt  use*el  by  Kuff  cl  (tl.  (27)  was  finally  se*le*cteel 
This  graelie*nt  is  i)re*pare*el  by  layering  O.d  ml.  eef  e*ach  e)f  the*  fe)lle)wing 
sucrose*  sohitie)ns  in  the*  orele*r  inelicate*d  in  the*  small  plastic  ce*ntrifuge*  tube*s 
inanufacture*el  fe)r  the*SW  dO  swinging  bucke*t  re)toi  e)f  the*  St)ine*e)  Moele*!  L 
e*e*ntrifuge:  2. M  sue‘re)se*  at  the*  be)tte)m,  2.2  M,  l.S  M,  l.ti  M,  1.4  M, 
1.2  M,  anel  O.O.")  M.  ()ve*r  the*  te)])  sucre)se*  laye*r,  O.o  ml.  e)f  tume)r  particle*s 
suspe*nde*el  in  0.2')  M  sue*re)se*  was  laye*re*el.  The*  tumeer  partie*le*s  use*el  fe)r 
the*se*  e*xpe*rime*nts  and  eetlu'rs  ele'sci’ibe*el  be*le)w  we*re*  ])re*|)are*el  by  e*e*ntrifug- 
ing  the*  tissue*  he)me)ge*nate*  in  a  twe)  phase*  syste*m  (O.SS  M  sue*rose*)  for  70 
minute's  at  about  100,000  g  in  e)ne*  of  the*  angle*  he*aels  (§'M)  eer  #40)  e)f  the* 
Spince)  Me)ele*l  L  ce*ntrifuge*. 

Meiuilibrium  e)f  the*  syste*m  was  e)btaine*el  by  ce*ntrifugatie)n  at  l.')0,000g 
for  IS  he)urs  in  the*  dO  reetor.  At  the*  te*rminatie)n  e)f  ce*ntrifugatie)n  the* 
conte*nts  e)f  the*  centrifuge*  tube*s  we*re*  re‘me)ve*el  in  small  fractie)ns  threnigh  a 
hole  punche*el  in  the*  be)tte)m  of  e*ach  tube*.  Prieer  te)  making  the*  hole*,  a  e*e)rk 
with  a  hype)ele*rmic  ne*e*elle*  through  it  was  place*el  in  the*  meeuth  of  the*  tube*, 
anel  a  syringe*  full  e)f  air  was  attache*d  to  the*  ne*e*elle*  so  that  the*  e*xpre*ssie)n 
e)f  the  ce)nte*nts  e)f  the*  tube*  ce)ulel  be*  ce)ntrolle*el.  The*  fractieens  we*re*  ce)unte*el 
anel  the*ir  volume*s  we*re*  ele*te*rmine*el. 

The*  elistributie)!)  of  I'^'-containing  particle*s  in  a  re*pre*se*ntative*  graelie'tit 
e*xpe*riment  is  shown  in  Figure*  2.  Two  pe*aks  e)f  activity  are*  e‘viele*nt  which 
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indicate  iodine  conlaininfi:  jiarticlc's  .snspiaided  at  difT(*r(*nt  levels  in  the 
tube.  Th(‘  larger  of  tin*  peaks  contains  of  the  total  activity  added  to 
t h(' ffiadient .  hixperiinents  show  that  the  original  sucrosi*  firadient  nanains 
r(‘lativ(‘ly  unalt<‘red  dining  cent rifujiation.  The  jiartich's  in  tin*  laif!;*'  p<“ak 
corr(‘spond  with  layers  of  l.f  and  l.ti  M  sucrose,  indicating  that  these* 
particle's  have*  ceiine*  into  e'epiilihriuin  with  solutieins  e)f  appreixiniate*  ele*nsity 
1.19  to  1.21,'’  anel  that  the*  particle's  the*in.se*lve*s  are*  e)f  this  ele*nsity.  The* 
sinalle*!’  pe*ak  re'pre*se*nts  17%  of  the*  particulate*  1'^'  aelele*el  to  the*  {jradie'ut. 
This  pe*ak  contains  particle's  at  e'epiilihrium  with  laye*rs  containing  O.O.a  to 
1.2  M  sucreise*.  The*.se*  particle's  t he*re*fore*,  are*  of  ele*nsity  1.01)  to  1.10.  There) 
is  anothe'r  conce*ntration  eif  ioelinate*el  particle's  which  is  not  e*viele*nt  from 
the*  figure*.  The*.se*  are*  particle's  which  appe*ar  in  a  small  pe*lle*t  at  the  bottom 
e)f  the*  graelie'ut  tube*  fedlowing  ee'utrifugation.  Puncturing  the*  bottom  of 


Fk;.  2.  Tlie  (Iistril)iiti()n  i»f  I'"  contain- 
iii}>;  particle's  in  a  sucrose*  uraelie'ut  after  ccii- 
trifufeation.  Ordinate  value's  show  e*e)unting 
rate's  (e*e)unts  minute  cc.)  eef  fractieens  re*- 
ine)ve*el  freein  a  sucreese  ffraelient  after  e*e'n- 
trifusation.  Abscissa  value's  .show  the* 
eh'pth  in  the*  f?raelient  freein  wliich  the  frae*- 
tieens  we*re‘  re‘me»ve*el  as  the*  pe're  e'iitaffe  eef 
tlie  elistane*e‘  from  the  me*ni.scus  to  the  beet- 
teem  of  the*  tube*.  This  expe*riment  is  re'pre*- 
sentative  e>f  several  which  were*  i)e*rfe)rme*el. 

the*  tube*  to  re*me)ve  the*  re'st  of  its  conte*nts  cause*d  no  visible  disturbance* 
to  this  pe*lle*t.  The*  particle's  composing  this  pe*lle*t  have  se*tlimt*nted  through 
a  layer  e)f  2.5  M  sueretse*,  anel  the*r(*fore*  have*  a  ele*nsity  gre*ater  than  1.52. 
The'v  also  aecenmt  for  17%  of  the  ie)elinate*el  mate*rial  in  the  illustrate*el 
graelie'ut. 

The*  appe*arane*e*  of  thre*e*  groups  of  ioelinate*el  particle's  was  e*onstant  in 
all  graelient  e*xpe*rime*nts  pe*rforme*el  on  tumor  particle's.  The*  loe*ation  of 
the'.se*  groups  of  particle's  in  the*  graelie'ut  was  also  eiuite  constant,  although 
the*  pe*re*e*nt age's  e)f  tettal  raelieneteline  ceentaiiu'el  in  e*ach  group  of  particle's 
was  .somewhat  variable*.  In  some*  case's  the  le*ast  ele*nse*  particle's  e*ontaine*el 
a  large*!-  pe*re*e*ntage*  of  the*  total  particulate*  raelioioeline*  than  the  particle's 
e)f  intcrme'eliate*  ele*nsity. 

Since*  the*se*  graelie'ut  e*xpe*rime*nts  e*mple)ye*el  i.sopycnic  e*e*ntrifugation 
which  .se*parate*s  particle's  on  the*  basis  of  ele*nsity  alone*,  nothing  can  be* 
saiel  abend  the*  size's  of  the*  partie‘le*s  from  the'.sc  re*.sults  (21).  The  e'xpcrimcids 
show,  howe*ve*r,  that  the*re*  are*  thre*e*  groups  of  ioeline*  coidaining  particle's 
se'parable*  on  the*  basis  e)f  the*ir  ele*n.sitie‘s. 
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^  I)(*nsity  value's  are*  tlmsc  feiven  by  l)(*l)uve*  d  nl.  (2K). 
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III.  A  T(‘(*liiii(iu<‘  for  Survc'vinfj;  IIomoficMiatos  for  Paiticiilatc  Distrihu- 
!ioii  of  I''" 

I'or  furtli('r  shidy  of  tla*  iodiiio  coiUaiiiiiif?  particles,  a  modified  two  pliase 
te(*lini(iue  was  d('vis(>d  wliieli  will  lx*  d(‘seril)ed  in  mon*  detail  in  another 
publication  (2t)).  In  this  t(*chni(pi(‘,  O.o  ml.  alicjuots  of  tumor  jiartieles  sus- 
pc'uded  in  ().<S,S  M  sucrose*  solution  were  layc'red  over  d.O  ml.  of  clear  0.t)2 
M  sucrose  solution.  A  .s(>ries  of  tlu'se*  pr(*parations  was  centrifu{j:(‘d  at  a 
wide*  raiifie*  e)f  force*s  for  varying  pe*rie)els  e)f  time*.  Afte*r  ce*ntrifuf!;ation  the* 
re*sultin{?  supe*rnatants  anel  pre*cipitate*s  we*re*  e*e)unte*el  for  I'"*'  ce)nte*nt.  The* 
ine*re*me*nt  in  the*  pe*re*e*ntage  of  I'*'  pre*e*ipitate*el  by  e*ach  succe*ssive*  force* 


Fig.  TIh*  (listril)Uti()ii  of  P”  in  frac¬ 
tions  from  tin*  rat  tumor.  In  tliis  fiffm’c  tin* 
IM'rccntafjjc  of  tin*  total  I'”  in  the  tumor 
l)arti<*ulate  which  is  pn'cipitatcd  in  each 
fraction  is  plotted  against  the  eentrifuffal 
forces  defining:  the  fraction.  The  fractions 
containing  radioactiv**  i)articles,  desig¬ 
nated  Fractions  1,  II.  and  III  appear  as 
three  peaks.  Another  fraction  containing 
much  I'’'  is  ])ri‘cipitated  by  the  lowest  cen¬ 
trifugal  force  employed.  Tin*  top  of  the  fig¬ 
ure  shows  tin*  relationship  of  the  classical 
suhcellular  fractions  to  tin*  iodine  contain¬ 
ing  fractions  ainl  to  the  forces  used  in  this 
experiment. 


LOG  CENTRIFUGAL  FORCE  (GRAVITY  X  MINUTES) 


was  plott(*d  against  the  integral  force  used.  It  has  be(*n  shown  (dO)  that 
the  int(*gral  c(*ntrifugal  forc(*  may  1m*  approximate*!!  by  multiplying  the 
force  u.sed  by  the  time  during  which  it  was  appli(*d,  and  the  product  is 
given  in  gravity-minute*  units. 

By  this  techniepie  a  large  numbe*r  of  .subce*llular  fractions  were  pre-pareel 
from  the*  tumor  particle's,  anel  .stuelie*el  for  I*®*  cemte*nt.  The  re*sult.s  of  the* 
.surve*y  are*  shown  in  Figure*  .‘I.  The*  ioeline*  containing  particle's  .se*elime*n(e*el 
in  thre*e*  eli.stinct  groups,  calle*el  Fractions  I,  II  anel  III.  This  suggests  that 
ieMline  is  not  ranelomly  elistribute*el  among  particle's  of  all  size's.  Fractiems  I 
anel  II  woulel  orelinarily  both  be*  isolated  with  mitochonelria  although  the*se* 
fractions  are*  elistinctly  .separate*  from  e*ach  other.  Fractie)n  III  woulel  be* 
ele*.scribe*el  as  microsomal,  although  it  is  pre'cipitate'el  by  a  much  narrowe'r 
range*  of  conelitiems  than  is  use*el  to  pre'cipitate*  the  whole*  microsomal  frae*- 
tion  by  classical  te*chnie}ue*s.  There*  is,  in  aeleiition  to  Fractions  I,  II  anel 
III,  a  gremp  e)f  ie)eline*  containing  particle's  which  is  pre*cipitate*el  by  the* 
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lowest  foic(‘  employed,  and  which  would  ordinarily  he  considered  part  of 
th('  nuclear  fraction.  Because  of  the  aiitoradioKiaphic  (‘xp(‘riments,  how- 
(*ver,  we  h(*lieve  that  this  represents  iodine  contaiiu'd  in  incompl(‘t<‘ly 
homogenized  cells  and  in  aggn'gations  of  smaller  partich's  and  cells. 

Th(‘  siz(‘s  of  th(*  partich's  in  each  fraction  w(*re  calculated  using  th(‘ fol¬ 
lowing  exprc'ssion,  which  can  Ix'  derived  from  tlu'  formulas  giv('n  by 
l)('l)uve  and  Hiu  tluT  (^iO): 


():irj(logu,B,.,:,x-logioB.,,in) 

wh(*re  d  =  particl(*  diameter  (cm.),  ?;  =  visco.sity  of  tlu*  .suspending  im'dium 
(poises),  T  =  tim(*  for  sedinuaitation  (min.),  (r  =  particle  density  (gm.  cc.), 
p  =  density  of  th(‘  susp(*nding  im'dium  (gm./cc.),  K,„„x  =  distance  from  the 
axis  of  rotation  to  tlu'  bottom  of  the  centrifuge  tulx'  (cm.),  R,. .11.  =  distance 
from  th('  axis  of  rotation  to  the*  surface  of  the  .suspension  in  the  tube  (cm.), 
and  RP.M=sp('ed  of  ('('iitrifugation  (n'volutions  pi'r  min.).^  For  this  cal¬ 
culation  it  was  assumed  that  the  particles  an*  spherical  and  that  the 
jiarticle  density  is  1.22.  This  figun*  for  density  is  only  approximate  and  is 
d('ri^•('d  from  tlu*  avc'ragc'  found  in  the  density  gradient  ('xp('rim<*nt.  It  has 
not  y('t  been  possible  to  corrc'lati'  tlu*  groups  of  particles  as  tlu'y  appear 
in  tlu*  di'iisitA'  gradii'iit  with  tlu*  thri'c*  fractions  found  by  the  survey  tech- 
niipie.  Furthermore  it  is  not  known  whether  these  particles  are  subject  to 
change  in  density  due  to  osmotic  forces.  If  they  are,  then  tlu*  density  used 
in  the  calculation  (for  sedimentation  in  0.92  M  sucrose)  is  too  high.  Conse- 
(piently,  the  values  calculated  providi*  only  a  rough  approximation  of  tlu* 
actual  partich*  sizes. 

With  these  assumptions,  tlu*  particles  of  Fraction  I  hav(*  a  calculated 
rang(*  of  dianu*t(*r  of  1.0- 2.1  microns.  Those  of  Fraction  II  ar(*  0.87-0. ml 
microns  in  dianu'ter,  and  those*  of  Fraction  III  are  0.18-0.19  microns  in 
diamet(*r.  Tlu*  group  of  I'-*'  containing  particles  which  s<*diments  with  tlu* 
smallest  c(*ntrifugal  force*  e*mploye*d  (2,000  g-min)  have*  eliameters  gre*ate*r 
than  .o.S  microns.  This  e*alculatie)n  supports  the  conte'iition  that  thisgrou]) 
e>f  particle's  cemtains  aggre*gate*el  mate*rial  anel  incompletely  homogenized 
ce'lls  in  aelelition  to  nucle*i. 


Prepunition  and  Photomicrograph ij  of  (hr  Tumor  Iodine  Containing  Particles 

The*  surve\v  of  .subcellular  particle's  in  the  tumor  ti.ssue  for  ioeline  ineli- 
cates  centrifugal  conditions  which  can  be  use*el  to  isolate  the*  ioeline  con¬ 
taining  particles  with  more  precision  than  can  be  done  with  classical  tissue 
fractionation  te'chniepu's.  Fraction  I  may  be*  isolateel  by  centrifuging  the 
two  phase*  preparation  ele'scribe*el  for  the*  particle*  surve*y  techniejue*  for  20 

*  ValiU's  for  density  and  viscosity  of  the  susi)endin>t  medium  are  fjiven  fty  DeDuve 
tl  at.  C2S). 
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minut(*s  at  800  {j;  in  tlic  International  refrigerated  centrifuge  using  a  hori¬ 
zontal  (#200)  head.  The  supc'rnatant  from  this  first  centrifugation  is 
divided  and  la  venal  ov(‘r  d.O  ml.  of  0.02  M  sucrose  in  each  of  three  small 
centrifug('  tubes.  These  tubes  are  c(*ntrifug(‘d  for  10  minutes  at  d‘200  g 
in  the  Spinco  horizontal  (SW  .‘10)  rotor.  The  small  pelh'ts  n'sulting  from 
this  centifugation  contain  tlu'  desired  particles.  A  similar  procaalun*  was 
followed  to  isolate  th(‘  partich's  in  Fraction  II  except  that  tlu*  first  c(‘ntrif- 
ugation  was  for  10  minut(‘s  at  25,000  g  and  tlu*  s(‘cond  was  for  10  minut(*s 
at  51, ‘200  g.  To  prepare  tlu*  third  grouj)  of  partich's  the  first  centrifugation 
was  for  12  minut(*s  at  170,000  g  and  tlu*  second  was  for  24  minut(‘s  at 
170,000  g.  Tlu'se  forces  indicate  tlu*  force's  applie'd  at  the  bottoms  of  tlu* 
tubes  (i.e.  the  maximum  forces). 

These*  pre'parative  te'chniepu's  were  us(*d  to  pn'pare*  iodinat(*d  particle's 
for  microscopy.  The*  small  size*  of  the*  particle's  pre*cluele*el  use*ful  e)bserva- 
tiems  on  them  by  light  rnicroscejpy.  For  e*le*ctron  micre)scopy  the*  unfixe'el 
particle's  of  Fraction  I  were*  suspe*nele*el  in  wate*r,  meninte'el,  anel  shaelow- 
caste'el  with  pallaelium.  All  electron  microscopy  was  kinelly  ele)ne*  by  Dr. 
bemis  W.  Labaw  of  the  National  In.stitute*  e)f  Arthritis  anel  Me*tabe)lic 
l)i.se*ase*s.  Fraction  I  contained  chiefly  spheres  0. 4-1.0  micrems  in  elianu'ter 
which  are*  shown  in  Figure  4.  Successful  photomicrographs  have*  not  ye*t 
been  maele  of  the  particles  of  Fraction  II  anel  III  because  e)f  clumping.  It 
is,  of  cour.se*,  unknown  wlu'ther  the*  particle's  illustrateel  are*  the  one's  con¬ 
taining  ioeline  or  whether  they  are  some*  of  the*  non-ie)elinate*el  particle^s 
which  also  uneloubteelly  occur  in  the*  fractions.  The*  elisagre*e*me*nt  in  the* 
size's  of  the  particles  in  Fraction  I  as  ele*te*rmine*el  by  electron  micre)sce)py 
anel  by  calculation  allows  no  conclusion  since*  change's  may  have*  e)e*curre‘el 
eluring  pre'paration  for  e'lectron  microscopy. 

Xitrngeu  and  Xitrogen  Ratiofi  in  the  Tumor  Particles 

The  total  nitrogen  in  e*ach  fraction  i.solateel  by  the*  survey  technieiue*  was 
eh'termine'el  by  the  micro-Kje*lelahl  techniepie*.*  Prior  to  nitroge*n  as.say  tlu'se* 
same*  fractiems  were*  counte*el  for  P'”  so  that  ie)eline*/nitre)ge*n  ratie)s  e)f  the* 
fractions  cenilel  be*  ele‘te*rmine*el.  The*  elistribution  e)f  nitroge*n  in  the*  tumor 
plotte'el  in  the*  manner  alre*aely  ele*.scribe*el  is  shown  in  Figure*  5.  Nitre)ge*n 
is  epiite*  evenly  eli-stribute*el  throughemt  the  fractiems  e)f  the*  tumor  with  twee 
e*xe*e*ptie)ns.  The*  lowe*st  force*  e*mple)ye*el  precipitate's  about  eme'-thirel  e)f  the 
total  particulate*  nitroge*n  in  the*  tumor,  anel  there*  is  a  cemce'iitratiem  of 
nitre)ge*n  corre'sponeling  with  Fraction  I  of  the*  ioeline*  containing  particle's. 

The*  I'-'”  nitre)ge*n  ratios  were*  calculatoel  as  the*  pe*rce*ntage*  of  total  par¬ 
ticulate*  I‘^‘  in  e*ach  fraction  eliviele*el  by  the*  pe‘rce*ntage*  e)f  total  particulate* 
nitre)ge*n.  The*  ratios,  which  are*  shown  in  Figure  (i,  e*mphasize*  the  eli.ssim- 
ilarity  of  1'^'  anel  nitroge'ii  elistributiem.  This  elissimilarity  suggests  that  the* 

^  TIh'sc  analyse's  were  i)(>rfe)rin(“(l  in  the*  analytical  lahoratory  of  the  National  Insti¬ 
tute  of  .\rthritis  anel  Mctaheelie;  I)ise'ase*s. 
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Fk;.  4.  I'^lcctroii  jjliotoinicrojiirapli  of  particles  in  Fraction  1  (UiOOOX).  Tin* 
particles  \v<‘r(‘  dried  on  and  slnulow-castcd  with  palladium. 


appearance  of  iodine  in  suhet'llular  particles  of  tli<‘  tumor  ti.s.siie  is  not  the 
result  of  non-specific  adsorption  of  soluble  iodoproteins  onto  particles.  In 
freiH'ral,  th(“  fractions  slio\vin}>:  a  concentration  of  1'^'  show  high  nitro- 
fien  ratios.  The  e.xtreniely  laifre  ratios  found  for  the  smalhu’  iodine  con- 
tainiiifi  fractions  are  the  result  of  tin*  minute  amount.^  of  nitrofrtai  asso- 
eiatecl  with  llu'.se  small  particles. 

l*lin.s/)hnron.s  in  Tumor  TorticUx 

Phosphorous  was  determined  in  one  .scaies  of  fratdions  by  tin*  j)hosj)ho- 
molybdic  acid  medhod’’  in  th(“  fractions  so  that  the  <listribution  of  phos- 


Srpkmhcr,  HKil  lODINK  COXTAIXlNd  ('KLI.  I’AHTK’I.KS 


521 


Fk:.  5.  Survoy  of  rat  tumor  tissiu'  for 
iiitroKOM,  pliosphorus  ami  P”.  Tlio  distri- 
hution  of  particulate'  uitrof!;t'U  and  jelios- 
phorus  with  rcsjjcct  to  particle'  size'  is  e'e)in- 
pjire'el  with  the'  elistril)utie)n  eef  I'-"  with  the' 
re'sults  pledtcel  as  iii  Figure' d. 
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pliorou.s  oontaining  compounds  in  suhct'llular  particles  inisht  Ix'  compared 
with  that  of  As  sliown  in  Fisure*  o,  tlu're  an'  tlir('('  conct'iit rations  of 
phosphorous  in  tlu'  tumor  tissue,  one  corre'spondins  with  the  largest  par¬ 
ticles  of  the  nuch'ar  fraction  as  isolate'd  by  classical  tt'chniepu's,  one  cor- 
rt'sponding  with  the  mitochondrial  fraction  and  with  Fraction  I  of  the 
iodine  containing  particles,  and  oiu*  corn'spondins  with  Fraction  II  of  the 
iodine  containing  partich's.  Although  there  are  many  phosphorous  con- 
taininfj;  compounds  in  particles,  th('s<'  results  sugge'st  tlu*  possibility  that 
some  of  tlu'  iodiiu*  containing  particles  may  also  contain  abundant  nuch'ic 
acid  which  may  hav('  some'  role  in  the  synthesis  of  tlu'  particulate*  ioelo- 
proteins. 
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Fic:.  ().  P'^'X  it  re  (Joe'll  ratios  of  tlu'  tumor 
fractious.  Tlu'  ri'sults  sliowii  iii  Filin'  5 
are'  pledtc'el  as  P”  nitreefre'u  ratiees.  'I'he' 
ratios  emphasize'  the-  elissimilarity  eef  P'*' 
aiiel  nitrone'll  elistrihutiein  anueiin  tlu'  frae-- 
tions. 
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Ditilribulion  in  l^urticUs  of  XormnI  Thijroid  Tissue 

Xoniial  tliyroid  tissue  was  also  survcycal  for  the  distrihution  of  icdiiu* 
ill  suhcellular  ])arti(*l(‘s.  Xorinal  rabbit  thyroid  was  labeled  in  vivo  by  in¬ 
jecting;  lot)  juc  of  !'■*'  intraperitoiu'ally  and  .sacrificing  tlu*  animal  48  hours 
lat(*r.  About  10%  of  tin*  total  thyroid  iodine*  was  found  in  the*  particle's. 
Figure  7  shows  the*  distributiem  eif  I''*'  in  the*  particle*  fractions.  A  large 
amount  eif  iexline*  .se*elime*nte*el  with  the*  lowe'st  force*  empleiye'el,  which  may 
we*ll  have*  be*e*n  the*  re*sult  eif  inade*e|uate*  homeige'iiization  eif  the*  glanel.  .V 
greiup  of  particle's  .scdime'iiting  und(*r  e*einditions  comparable  with  Fraction 
I  eif  the*  tiimeir  heimeig(*nate*  was  feiund,  anel  there*  is  a  e*eine*e*ntratiein  of 


Fie:.  7.  .V  Survey  of  iionnal  tliyroid  tis¬ 
sue  for  particulate  1'^'.  Tlie  distriluitioii  of 
I'-*’  ill  tlie  fractious  of  these  normal  thyroid 
preparations  is  to  lx*  eompareil  with  that 
ill  a  third  normal  iiri'paratiou  shown  in 
Fifjure  S  and  with  that  in  the  tumor  shown 
in  Figure  3.  With  the  exception  of  one 
fraction  eorresiionding  to  Fraction  1  in  the 
tumor,  none  of  the  fractions  eontainin>>: 
eoneeutrations  of  1'’‘  in  the.se  two  prepa¬ 
rations  eorresiiond  exactly  with  the  iodine 
containing  fractions  in  the  tumor  tissue. 
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ieieline*  e*eintaine*el  in  particle's  smalle*r  than  theise*  eif  Fractiein  I  which  have* 
a  wiele*  range*  eif  size*. 

In  eine*  e*xp(*rime*nt  wheile*  s(*parate*d  e*alf  thyroid  e*e*lls  we*re*  pr(*pare*d  by 
Dr.  Ira  Fastan  eif  this  Institute*  using  trypsinizatiein.  The'se*  we*re* labe*h*el 
in  vitro  by  incubatiein  with  I'^'  for  thre*e*  hours  (Rl).  Following  incubatiein 
in  Kre*b.s-Ringe*r  bicarbonate*  bul‘fe*r,  the*  ce*lls  we*re*  transfe*rre*el  to  O.SS  AI 
sucrei.se*  .solutiein,  homeige*nize*el,  and  the*  particle's  surve*ye*el  for  size*  by  mul¬ 
tiple*  ce'utrifugation  as  ele*scribe*el  above*.  The*  re*sults  show  that  particulate* 
ieieline*  occurs  in  thre*e*  major  groups  of  particle's  as  shown  in  Figure*  7.  There 
is  a  greiup  eif  ieidinat(*el  particle's  which  corre*sponels  e*xactly  with  the*  par¬ 
ticle's  in  Fractiein  I  of  the*  tumor  tissue.  Two  other  smalle*r  e*once*ntratieins 
eif  ieieline*  containing  particle's  elo  not  ceirre*speinel  e*xae*tly  with  either  Frac¬ 
tion  II  or  III  of  the*  tumeii'  tissue*.  In  aelelitiein  to  the*.se*  groups  of  particle's 
a  large*  amount  eif  particulate*  ieieline*  pre*cipitate*el  with  the*  lowe'st  force* 
e*mploye*el. 
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Hop:  tliyroid  glands  woro  obtained  at  a  local  abattoir  and  were  slicaal 
thinly  by  hand.  Tlu'y  w(‘r('  incubated  for  thr(*('  hours  at  )i7°  ('  with 
in  Kr(‘bs-Hinger  bicarbonate  butter  and  wc're  then  washed  (d2).  TIk'  up¬ 
take  of  into  th(‘  slices  was  ~~^/c  of  tin*  total  I*’”  add(‘d  to  th('  medium. 
The  slic(*s  were  tluai  homogenized  in  sucrose  and  tin*  whole  particulate' 
was  isolated  and  found  to  contain  ()%  of  the*  take'ii  up  by  the  slice's. 
The'  particulate'  was  surve'ye'd  for  the*  elistribution  e)f  (lemel  ce)rre'- 
sponele'iH'e'  was  founel  be'twe'e'ii  the'  groups  of  ie)elinat('el  particle's  in  the*  he)g 
tissue  anel  those  in  the  thyroiel  tumor.  Figure'  S  shows  the'  elistribution  of 
I’’*'  in  he)g  thyroiel  slice's.  Half  e)f  the*  containing  mate'rial  isettate'el  with 


Fig.  S.  Iodine  content  :ind  iodiniitin<>: 
activity  in  lio}^  thyroid  partieh's.  Tlu' 
lower  part  of  the  tiffure  shows  a  survey  of 
normal  tliyroid  tissue  laheled  in  vitro 
with  P'".  riu'  eorrespondenei'  between  the 
iodine  eontaininn  fractions  in  this  prepa¬ 
ration  and  those  in  the  tumor  is  striking. 

Th('  u|)|)er  jiart  of  the  fijiure  shows  iodi- 
natiiifi  activity  I'xiiressed  as  pereentaKC  of 
total  I'-*'  in  the  iodinatiny:  system  ineorpo- 
rati'il  into  a  T(’A  pri'i-ijiitahle  form  by 
each  fraction.  Although  tin'  fraction  show- 
iiifj;  the  fjreatest  amount  of  incorporation 
does  not  correspond  I'xactly  with  thi'  ma¬ 
jor  iodine  eontaininff  fraction,  the  associa¬ 
tion  of  iodine  content  and  iodinatin^;  ac¬ 
tivity  in  the  smaller  partich's  is  (>vident. 
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tlu'  partich's  could  not  Ix'  pn'cipitatc'd  ('vc'ii  with  tlu'  gn'att'st  c('utrifugal 
forc('  cmployt'd.  This  uou-pn'cipitabh'  matc'iial  was  piobably  solubh'  iodo- 
prott'in  which  contaminat<'d  tlu'  pt'lh't.  This  Ix'ing  tlu'  cas(',  only  about 
of  th(!  iodine  takt'ii  u})  by  th('  hog  thyroid  .slice's  is  actually  particulate'. 

lodination  Experiments  Usinr/  Cell-Free  Fartieles 

Since  e'lizynu's  re'spetnsibh'  feir  ietelinatiein  in  thyreiiel  homeFge'iiate's  are' 
particulate,  it  .se'e'uieel  eef  inte're'st  to  inve'stigate'  the*  fractions  e)f  the'  hog 
thyroiel  ti.ssue'  for  ie)elinating  activity.  The'  particulate'  mate'rial  was  iseelate'el 
from  2  grams  e)f  he)g  thyroiel  tissue'  anel  fractions  we're'  pre'pare'el  using  the' 
surveyv  techniepie'.  Suspe'iisions  e)f  partich's  in  Kre'bs-Ringe'r  bicarbonate' 
butter  aeljuste'el  to  pll  tt-10  we're'  use'el  with  aeleh'el  flavine  aeh'nine  dinucle'e)- 
tieh'  (Xutritional  Hioche'micals),  carrie'r  ioelieh',  anel  similar  to  the'  .sys¬ 
tem  of  Taure)g  anel  co-worke'rs  (.5,  I.t).  In  most  e'xpe'riments  the  vedume  e)f 
the  .syste'in  was  2.0  ml.  The*  conce'nt ration  of  FAD  was  2X10“^.M,  anel  .') 
/uc  of  F'*'  anel  2  micre)grams  e)f  potassium  ie)elide  we're'  aeleh'el  pe'r  2.0  ml. 
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Tli<‘  iodinatiii}!  systems  were  iiieuhalcal  in  2.')  ml.  Mrlcmmeyer  flasks  in  a 
DuhnotT  melaholie  shaker  at  B7'’  for  two  and  a  half  hours.  At  the  t(*rmi!ia- 
tion  of  ineuhation  thn'e  volume's  of  10%  Iriehloroaeetie  aeid  were*  added 
to  ('aeh  flask  and  the  eonte'iits  wc're  se'parated  into  supernatant  and  pre¬ 
cipitate'  by  (‘('iitrifufiation.  The*  pre'cipitate'  was  washc'd  once'  with  two 
volume's  e)f  10%  TC'A,  and  the*  supe'rnatants  anei  pre'eipitate's  were'  e*ounte'el 
to  ele'te'imine'  the'  pe'ree'iitaKe'  e)f  inorganic  incorpe)rate'el  into  a  TCA  pre*- 
cipitabh'  form.  A  comph'te  syste'in  as  ele'scribe'el  above  was  pre'pare'el  anel 
rapielly  he'ate'el  te)  100°  C'  in  a  be)iling  water  bath  to  proviele'  a  control. 
.Vll  re'pe)rte'el  re'sults  are'  ce)rre'e'te'el  for  the'  small  ame)unt  e)f  apparent  in- 
ce)rpe)ratie)n  of  !'•*'  e)b.se'rve'el  in  the'  benh'el  ce)ntre)l  (1-2%  e)f  the'  total  1'^' 
pre'.sent  in  the'  syste'm). 

The'  re'sults  e)f  this  surve'y  feer  ieeelinating  activity  in  normal  thyroiel  ti.s- 
.sue'  are'  she)wn  in  Figure'  S.  .\lt hough  ie)elinating  activity  eloe's  not  corresponel 
e'xactly  with  any  single'  gre)up  e)f  ie)elinate'el  particle's  in  he)g  thyroiel  ti.ssuo, 
most  of  the'  ie)elinating  activity  is  pre'cipitate'el  by  the  same  force's  that  pre'¬ 
cipitate'  the'  two  smalh'r  groups  e)f  ioeline'  containing  particle's.  There'  is 
negligible'  ie)elinating  activity  corre'sponeling  to  the'  particle's  of  Fraction  1. 
Taure)g  e7  al.  (o)  founel  that  the'  mitochonelrial  anel  microsomal  fractions 
e)f  thyre)iel  tissue'  we'ie'  about  e'epially  active  in  the  ce'll-free  particulate' 
ie)elinating  syste'in.  Our  re'sults  show  that  there'  is  activity  in  beith  of  tlu'se' 
fractiems  although  tlu're'  is  more'  in  the'  nncreisome's.  It  is  at  le'ast  possible' 
that  the  smaller  iexline  containing  particle's  ioelinate  themse'lves. 

.V  similar  surve'v  eif  particulate*  ieielinating  activity  was  attempte'el  using 
the*  rat  tumor  particle's,  but  the*  fractions  collecteel  by  the*  surve'y  tech- 
nie|ue*  hael  no  me'asurable*  activity.  I'^ach  tumor,  however,  consists  of  .several 
grams  eif  tissue*  which  concentrate*  ieielineto  appreiximately  the*  same  e*xte*nt 
as  a  rat  thyrenel  glanel.  It  .se'e'ins  like'ly  that  its  specific  activity  in  the* 
ieielinating  system  wenilel  be*  much  lowe'r  thaii  normal  thyroid  ti.ssue*.  It  is 
ne)t  surprising,  there'fore*,  that  fractions  pre'pare*el  from  a  re*lative'ly  small 
amount  eif  tissue  showe*el  no  activity.  \  much  large'r  amount  of  particulate* 
from  the  tumor,  which  re'pre'se'nte*el  one  gram  of  starting  tissue,  was  in- 
cubate'el  in  10  ml.  eif  Kreb.s-Hinge'r  bicarbonate*  buffer  with  appropriate* 
amenmts  of  the  eitlu'r  compeme'iits  of  the*  ieielinating  system.  A  beiile'e!  contreil 
cemtaining  a  similar  amount  of  particulate*  mate*rial  was  prepare'd,  anel 
after  incubation  for  two  henirs,  5.0%  of  the*  I'^'  in  the  .system  was  incor- 
pe)rate*el  into  a  TC.V  precipitable  form  by  the  living  particle's  compare'el 
with  1.2%  incorporate'el  by  the  be)ile*el  control.  It  appe*ars  that  the*  tumor 
particles  are  active  in  the  particulate  melinating  system;  however,  this 
activity  is  much  lower  pe'r  unit  of  ti.s.sue  (or  pe*r  unit  of  particulate*  mate*- 
rial)  than  in  normal  thyroiel  ti.ssue. 

COMMENTS 

The  rat  thyroid  tumor  has  proved  to  be  a  good  system  for  studying  the 
general  problem  of  iodine  containing  subcellular  particles  in  thyroid  tissue. 
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liUfjc  amounts  of  radioiodiix'  (a)n(*<‘nl  rated  by  t  lie  part  icles  and  t  hi'  liij;li 
radioiodine  nitrojiiai  ratios  of  the  ])artiel(‘  fractions  (‘ontaininn’  most  of 
the  iodine  are  evidence  against  the  ])ossil)ilit y  that  the  partieulati*  iodine 
in  the  tumor  is  an  artefact  of  subei'llular  fractionation  caused  by  contam¬ 
ination  of  the  i)articl('s  by  soluble  iodoproti'ins.  Thi*  p;en(‘ral  aKi't'emiait  of 
studi{*s  on  tlx*  distribution  of  iodiix*  in  subcidlular  partich's  of  tlx'  tumor 
and  of  thyroid  tissue  from  normal  jjlands  is  (‘vidence  that  the  obsi'rvations 
on  thyroid  tumor  tissue*  an*  not  intrinsic  pe'culiaritx's  of  tumor  tissue  but 
re'prese'ut  only  an  exagsc'ration  of  normal  conditions. 

Tauros  ct  (il.  (o)  have*  shown  that  ce*ll-fre*e*  suspe*nsie)ns  e)f  subce*llular 
particle*s  eixielize*  ie)eline*  anel  ince)rporate*  it  inte)  a  partie*ulate*  ioele)pre)te*in. 
Temp;  anel  (diaikeiff  (Ki)  have*  slxiwn  that  the*  patte*rn  e)f  ieieline*  inceirpora- 
tion  into  amino  acids  by  particle*s  is  similar  in  intact  e*e*lls  and  in  e*e*ll-fre*e* 
systems.  We*  have*  slxiwn  that  senne*  eif  the*  particulate*  fractions  ce)ntaininfj: 
most  e)f  the*  ioeline*  are*  the*  one*s  which  are*  me)st  active*  in  the*  e*e*tl-fre*e* 
ieielinatiiif?  system.  Althemsh  one*  si’oup  of  iexline*  containinfj;  partie*le*s  sheiws 
no  ieielinatiiifj;  activity,  e*xp(*rime*nts  with  the*  e)the*r  two  {ireiups  sufif5e*st  that 
the*  partie*le*s  are  ie)elinatinf>;  the*mse*lve*s.  This  elissimilarity  in  iexlination 
ability,  inciele*ntally,  is  evielence*  that  Fraction  I  particle*s  are*  ne)t  simply 
asKi'<*gate*s  e)f  those  in  Fractions  II  and  III,  althemgh  it  is  pe*rhaps  pe)s- 
sible  that  such  a}>:{j:re*Katie)ii  might  atlect  the*  ie)elination  re*actie)ns.  Particle*s 
of  small  size*,  pe*rhaps  comparable  to  those*  containing  iexline*  anel  capable* 
e)f  iexlination,  have  be*e*n  shown  to  change*  in  abunelane*e*  anel  appe*arane*e* 
accoreling  to  the*  functional  state*  of  the  thyroiel  glanel.  The*re*  is  nei  e*viele*ne*c 
to  elate,  howeve'r,  that  the*  iexlopre)te*in  of  the  subce'llular  particle*s  is  at  all 
.similar  to  thyre)gle)bulin  or  that  it  be*ars  any  pre*e*urse)r-prexlue*t  re*latie)nship 
te)  it. 
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bi()(;kxi:sis  of  proofstfhoxf  ix  ovariax  tissufs‘ 

BrX-IOIII  TAMAOKI-  and  (BJFCOFvV  PIXCFS 

The  Worcester  Foil iidntion  for  F.rperioientnl  liioloifj).  Slireicxhiirn,  Mofooirlni.si  tts 


AHS'IHACT 

I'siiifi  ilu)l(‘stfi'(il-2<)-C''^  and  ‘2()«-hy<lroxy(li()l('stt‘r(>l-‘22-(''^  as  sul)stratcs. 
tlic  presence  of  tin*  cholesterol  side-eliain  desmolase  in  cow  o\  arian  tissues  has 
l)een  demonstrated.  The  distribution  of  the  desmolase  in  various  ovarian  tissues 
was  found  to  l)e  relatetl  to  the  dcfjree  of  secretory  activity.  'I'he  conversion  of 
(•hoh‘sterol-4-('’' to  i)ro}festerone  was  confiriiK'd  in  corpus  luteum  homoffcnates. 

The  conversion  of  A'’-i)re<;nenolone  to  i)rosestt‘rone  was  observed  in  corpus  lu¬ 
teum  and,  to  a  lesser  (‘xtent,  in  follicular  tissue,  but  not  sifrnilicantly  in  follicular 
fluid.  Several  types  of  s<'»!i'l<>tD)hpin  faih'd  to  increase  these  reactions  in  vitro. 

For  progesterone  production  from  cholesterol,  side-chain-cleaving  des¬ 
molase  activity  has  been  described  in  ovarian  tissue  (1),  and  a  8|3-ol- 
dehydrogenase  in  the  corpus  luteum  (2).  In  this  paper,  the  in  vitro  cleavagt' 
of  cholesterol  and  of  a  new  intermediate,  20a-hydroxy cholesterol  (3,  4),  and 
the  conversion  of  pregnenolone  to  progesterone  by  ovarian  tissue  art*  de¬ 
scribed. 


MATERIALS  AND  METHODS 

Bovine  ovaries  were  collected  immediately  after  slaufjhter.  The  corpora  luttai  were 
isolateil  from  the  other  tissues  and  then  homo}ieniz(‘d  in  0.4  M  sucros<>  solution  with  a 
I’otter-Klvehjem  homo}>cnizer;  total  ovarian  homogenate  was  obtained  with  a  Warinp; 
bh'iidor  with  the  addition  of  2.0  i)arts  of  0.4  M  sucrose  solution.  Follicular  fluid  was  col¬ 
lected  by  syriiifije  at  the  slauuhter  house  and  enouf!;h  sucrose  was  added  to  havi*  the  sanu' 
final  concentration  as  in  the  total  ovarian  homopmate.  barf^e  follicles  wc're  isolated,  and 
after  removal  of  the  li(piid  were  homofjenized  in  the  sucrose  solution.  These  are  (h'siy;- 
natetl  as  follicular  tissue  homoKimates. 

4'he  siile-chain-cl(‘avin)>;  activities  in  the  tissue  homo}!;enates  were  determined  by 
measuriiifi  the  radioactivity  of  isocai)roic  acid  obtained  as  a  metiibolite  of  cholesterol- 
20-(’'^  (.^)  and  20a-hydroxycholesterol-22-('‘^  (4,  4). 

riie  amount  of  conversion  from  A“-pre}i:nenolone  to  projfesterone,  or  the  combined 
acti\  ities  of  4/i-ol  ilehydrof!;enase  and  isomerase,  was  (h'tc'rmim'd  by  measurement  (tf  the 
ultra vioh't  absorption  at  240  m/a  du»‘  to  tin*  profiesterom*  produced.  The  progesterone  was 
isolated  by  a  column  chromatofi;raphic  s(‘])aration  witli  silica  fjel,  and  then  identifii'd  by 
pa|)er  ehromatof’iaphy.  ('orreetion  factors  wen*  calculated  for  the  chromatomrai)hie  ex- 

Ueceived  .Jiinuary  5,  lOtil. 
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tracts  from  the  oi)tical  densities  at  220  in/x,  240  mpi.  and  200  him.  and  tlie  projjesti'rone 
content  deterniinetl  l)y  nderence  to  a  standard  i)roffesterone  curve. 

EXPERIMENTAL  RESULTS 

C'liol(‘.s{(‘r()l  as  Substrate 

Cledvagc  of  cholesterol  side-chain  into  isoeaproie  acid 

Fiv(*  ml.  of  corpus  luteum  homogt'iiate,  2.0  ml.  of  0.3  M  Tris  buffer 
(pll  S.l),  ().()02  M  1)PX,  0.002  M  ATP,  and  0.02  M  MfrClowen'  added  to 
flasks  eontainin}>;  chol(‘.st(>rol-20-C'^  (310, 3oo  cpm  pta-  flask)  and  incubatt'd 
at'robically  for  3  lir  at  3S°  C  in  a  Dubnoff  shakt'r.  The  radioactivity  of  tlu* 
isoeaproie  acid  fractions  isolatc'd  (aftta-  tin*  method  of  Shimizu  et  al.  (3)) 
from  the  mixturt'  was  (‘xpressed  as  counts  pta-  minute  (cpm)  cornadtal 
for  backjiround,  usins  th(‘  Packard  Tri-Carb  Litpiid  Scintillation  Sptadrom- 
(“tta-  (Tabl(“  1).  The  chair  increase' in  sid(*-chain  cleavage  indicated  is  not 
sifrnificantly  affi'cted  by  tin*  addition  of  chorionic  gonadotrophin. 

TaBI.K  1.  (’l.KAV.\(iK  IIF  THK  Cnol.KSTKKCtl.  SIDK  <'nAIN  IN  CnKPlS  I.ITKCM  IIOMOCKN  ATFIS 


Treat  incut 

Haiiioactivity  of  inoeajiroie 

Hx)).  1  Kxp.  2 

acid  (cpm) 

Exp.  3 

Rcl'ore  iiieutiation 

21(2 

714 

120 

liienliated  without  uonadotroiihin 

1M>4 

21M>)1 

31.57 

Inciihated  with  noiiadotropliiii* 

14.58 

2.572 

2481 

*  lluin.'tn  choritiiiic  ifonadotropliin  (.\.1M..)  2, (MM)  i.r.  jicr  flask. 


('onrersion  of  eholesterol-4-(''*  to  progesterone 

T(‘n  lie  of  cholesti'rol-d-C'^  was  incul)at(‘d  with  cow  corpus  lut('um  homog- 
<aiat(‘  in  a  20  ml.  voluim*  under  the  same  conditions  as  in  the  previous  ex- 
jiiainuait.  Incubation  was  stoppeal  aft(‘r  3  hr.  by  acidification  with  HCl. 
B(*for<‘  the  incubation,  2S  mg.  of  non-radioactive  progesterone'  was  adeh'el 
as  a  e-arrie'r  for  iseilatiem.  The'  homoge'iiate'  was  e'xtracte'el  with  100  ml. 
i.xeipropyl  ace'tate*  thre'e*  time's,  anel  then  emce*  with  32o  ml.  eif  ace'tone.  The* 
peieileal  e'xtracts  we're*  elrie'el,  take*n  up  in  e'thanol,  anel  tre'ate*el  with  eligitonin. 
The'y  we're*  ke*pt  eive'inight  in  a  re'frige*rator.  The*  e*thanol-washe*el  eligitoniele* 
pre'cipitate*  was  .'ie*parate*el  from  the*  supe*rnatant.  Afte*r  e*vaporating  the* 
supe*rnatant  to  dryne*ss,  the*  re*sielue*  (abeiut  'A%  eif  the*  pe)ole*el  e*xtract  raelio- 
activity)  was  e*xtracte*el  with  e*the*r.  The*  e*the*r  soluble*  fraction  was  e*vap- 
einite'el  te)  elryne*ss  anel  the*  re*sielue*  was  transfe*rre*el  tei  a  silica  ge*l  ceilumn  anel 
e*hre)male)grai)he*el  with  mixture's  eif  e*thyl  ae*e*t!»te*  in  benze'iie*.  An  aliepieit 
e)f  e'thyl  ae*e*t;ile*:be*nze*ne*,  1  :0,  e*luate*  was  e*hre)mate)graphe*el  em  pajie'r  with 
the*  e*ye*le)he*xane*-fe)rmamiele*  syste*m.  The*  speit  whie*h  e*e)rre*spe)nele*el  tei  au- 
the'iitie*  preige'ste'reme*  run  as  a  stanelarel  re*fe*re*nce*  on  a  paralle*!  limb,  was 
e*lute*el  with  me'thylene  chloriele.  This  eluate*  was  rechromatographe*d  in  the* 
same*  .system.  The)  raelieiactive  pe*ak  found  by  .scanning  the*  chromateigram 
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Tabi.k  2. 

TmK  radioactivity  ok  TIIK 
(•iioi.kstkroi.-4-C'“  aktkh 

I'KOCiKSTKUONK  OB'lAINKl*  FROM 

RKCRYSTALI.IZATION 

No.  of 

Hadioaetivity 

Projjesteroue 

Specific  activity 

reerystallization 

(ejim) 

(mi;.) 

(.eiim/mn.) 

1st 

1341 

1  .0.50 

813 

2ud 

802 

1  .075 

820 

3rd 

080 

0.845 

815 

papc'r  (*orr(*spoi)(l(‘(l  (‘xactly  witli  tlic  location  of  i)i<)y;(‘st('ron(‘  as 
iniiK'd  by  ndcn'iici*  to  a  pio}>:(‘st(‘roii(‘  standard  which  was  siniultaiK'ously 
chromatofiraphcd  on  a  paralh'l  liinh.  Tlic  radioactive'  spot  thus  locatc'd 
was  (‘liit('d  and  n'chromatoKraplK'd  on  silica  jicl.  Th<'  radioactive  eliiate 
from  this  column  chromatofiram  was  elilutc'd  with  autlu'ntic  pro};('st('ron(' 
(22  mfj;.)  as  (*arri(‘r,  and  was  rc'crystallize'd  thrc'e*  time's  from  pe'tre)le'um 
e't her : acetone'  mixtures.  The  spe'cific  activitie's  for  e'ae*h  crystallizatieni :  Sid, 
S2t),  anel  S1.5  cpm  mg.,  sufjjge'st  the'  raelie)active'  purity  e)f  the'  prose'ste'rone' 
proeluce'el  (se'e'  Table'  2). 

20a-Hyelre)xyche)le'ste're)l-22-C''’  as  substrate' 

(’lcai'(t(/c  of  the  side  ehaiti  as  tueanured  hi/  the  rddiixirlin'ln  of  isi)r(ii>r<)ir  iirid 
in  the  eorpiis  luteum  hinnogeiidtefi 

2()a-IIyelroxyche)le'ste'rol  (SI,  SSO  e'pm  pe'r  flask)  was  incubate'd  with  the' 
home)me'nate'  uneler  the'  e'enielitions  pre'viously  ele'scribe'el.  In  Table'  d  the' 
ch'avage'  is  e'xpre'sse'el  in  cenmts  pe'r  minute'  e)f  the'  laelioae'tive  isoe'apre)ic 
aciel  pre)elue'e'el  from  the'  substrate'.  De'smeelase'  ae'tivity  in  the'  ine'ubate's  is 
ch'arly  inelicate'el  by  the  elata  e)f  Table' d.  While'  the'  twe)  flasks  containin”; 
llCd  showe'el  small  ine*re'ase's  in  ise)e*apre)ie'  aciel  ove'r  the'  ce)ntre)ls,  the'  num- 
be'r  e)f  e'xpe'rime'nts  is  te)e)  small  te)  ele'te'rmine'  its  sifjnificane'e'.  Certainly  in 
the'  e*ase'  e)f  FSH  anel  PMS,  the're'  was  lu)  e'viele'iu'e'  e)f  any  e'ffe'ct  e)f  the'se' 
Semaelotrophins  eni  siele'  e'hain  e-h'ava'je'. 

Deffmoldse  detiriti/  in  ovuridn  tinHHen 

Whede'  e)varie's  we're'  he)!ne)}»:e'nize'el  in  the'  W'ariii});  bh'nele))’  with  aelelitiem 
e)f  2..")  parts  e)f  O.d  .M  sucrose'  se)lutie)n.  The'  he)me)f^enate'  (,")  ml.)  was  incu- 


'I'aBI.K  3.  TiIK  Cl.K.W  A<iK  OK  TIIK  SIDK  (MAIN  OK  20((-ll  YUKON  V<  HOI, ^;sT^;KOI,-22-( 
IN  TIIK  COKl'I  S  I.I  TKKM  IIOMOOKN ATK 


'I'reat  meiit 

I 

soeaproie  acid  radioactivity  (cpm) 

i;\|).  1 

pNp.  2 

F.\p.  3 

Kxp.  4  1 

I'.N]!.  5 

Mel'ore  iiieiihatioii 

210 

301 

123 

120 

02 

1  iieiiliatioii  without  i;ouadot rophiii 

8, 1 4!t 

4,!»77 

1,271 

0,518 

0,.532 

lueiihatiou  with  Koiiadot rophiu 

1 1 ,072* 

0,3.58* 

4,202* 

.5,208t 

.5,743t 

*  Hnniaii  cliorioiiic  i^oiiadot ro|i)iin  (.\.1M,.)  2,0((0  i.i  .  per  flask, 
t  I’urificd  FSH  1  mu.  per  flask,  supplied  hy  National  Institutes  of  Health, 
t  Pregnant  man*  serum  {rouadotro])hiu  250  r.r.  per  flask. 
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'I  AHI.K  4.  I  )KSM01.ASK  ACTIMTV  IN  OVARIAN  TISSI  K  fOMI’ONKNTS 


Sidt  chain  clcavaRc  of  20«-li\droxycliolcst(“rol-22-('‘*  (81,800  cpin)  liy  hoiuotjcnatcs  of 
whole  ovaries  with  and  without  corpora  Intea,  in  0.3  M  sucrose. 


1  lescription  of  ovary 

Remarks 

Kxp. 

W'eiuht  of 

Kailioactivity 
of  isocaproic 
acid  (c])m) 

Without 

No. 

Weight 

(iiin.) 

(MMpUS 

Follicle 

1)H  of 
medium 

incuba¬ 

tion* 

(Kin.  j 

(cpm) 

ri.'.t 

5.0 

I.arKc  one,  0.8  cm.  in 
dia  meter 

4.tt'.»(l 

8.1 

284 

(i  .(i 

IIOIIO 

Scattered  small  fol- 

2,051 

8.1 

.308 

licles 

14.(1 

7.2 

Lai'Ke  on(‘,  1  .(>  cm.  in 

7,044 

8.1 

168 

diameter 

1 1  .!» 

none 

Lai'Ke  follicle,  1 .8cm. 

0 ,  (1S3 

8.1 

L-)3 

in  diameter 

15.0 

().() 

Onlv  small  and  scat- 

30,Uj() 

8.3 

tered  follicles 

3 

ti  .3 

noiw 

Onlv  small  and  scat- 

3,320 

8.3 

tered  follicles 

15.1 

7.0 

Onlv  small  and  scat- 

35,185 

8.3 

tered  follicles 

y.8 

none 

Large  follicle,  2.0  cm. 

6,616 

8.3 

' 

in  diameter 

Follicle  fluid 

738 

8.3 

1,021 

8.3 

Follicular  tissue  ho- 

14,170 

8.3 

mogenate 

12,876 

8.3 

*  Counts  of  isocaproic  acid  obtained  iininediatidy  aft<‘r  addition  of  snl)strat<“  to  a  tissui- 
aliipiot  which  was  then  proi-essed  like  the  incubates. 


hated  with  the  2()a-hy(h()xy(*hol(‘st(‘rol  as  in  tlie  previous  (*xp('rim(*nts. 
Talile  4  d(*s(*ril)(‘s  tlie  data  ohtaiiu'd  witli  eorpus-luttaun-eontaininj?  and 
c<)rpus-lut(“uiu-free  tissue  (l^xperinuMits  1,  2,  3,  4)  and  witli  tin*  fluid  of 
follich's  th(‘  tissues  of  which  were  siniultaiK'ously  homogeniz(‘d  (Kxperi- 
iiKMit  o).  Thes(‘  data  demonstrate  tlie  }j;f<"der  activity  in  corpus-lut(*um- 
containiiifi;  preptirations.  Th(*y  indicate*  also  minimal  or  lU'filigihh*  desmolase 
activity  in  follicular  fluid,  e(|uivalent  to  .)%  to  S%  of  the  tissue*  eif  the* 
fe)llie*l(*'. 

(\)nve*rsie)n  eif  Pre‘f>:ne*nole)ne*  to  l’roge*ste*re)ne*  in  Ovarian  Tissue 

Pregnenolone  (\-'-pre()nene-S^-ol-2()-one),  10  mg.  per  flask,  ineuhated  teilh  o 
ml.  of  eorpu.^  Intenm  homogenate  as  in  previous  experimenfs 

Table*  o  pr(*.se*nts  the*  yieUls  of  prop;e*ste*re)ne*  from  home>ge*nate  samples 
take*!!  l)e*fore*  incuhatiem  anel  feillowinp;  incubation  with  anel  without  adde*el 
A'’-pre*Kne*ne)lone.  The  data  demonstrate*;  (1)  unde*tee*tabl('  amounts  of  pro- 
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Hcforc  inculiation 

0 

(1 
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its.  4* 

70.  S* 

Inculiatcd  witti  iirctincnolonc 

ittlO.  * 
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*  Iileiitical  with  promcsttMoiir  l)y  paper  cliromatotiraphy. 


flt'stt'i'oiK'  ill  tli(‘  prt'iiK'uhation  sainplcs,  (2)  a  small  bill  dt'fiiiitt*  yit'ld  wlicii 
prcfiiKMioloiK'  is  not  added,  and  (d)  an  iiu'rt'ast'd  yield  in  tin*  samples  to 
whieli  A’’-pr('}»;nenolone  was  addt'd. 

Isolation  of  progesterone  after  ineabation  of  A'’- pregnenolone  with  eorpas 
lateam  homogenates 

oO.O  Mg.  of  A’-pregnenolone  were  incubated  with  corpus  luteum  homog¬ 
enates  (10  g  in  25  cc.)  in  Kreb.s-Kingcr  bicarbonate  buffer  (pH  7.4)  plus 
glucose  (100  mg.%)  with  added  ATP  and  DPX  (final  concentration  0.002 
M  respectively)  for  3  hours  in  a  Dubnoff  shaking  incubator.  HCl  was  then 
added  to  stop  the  incubation,  and  the  acidified  mixture  was  extracted 
with  isopropyl  acetate  three  times,  200  ml.,  200  ml.,  and  100  ml.  respec¬ 
tively.  After  the  solvent  had  been  removed  under  reduced  pressure*,  the 
i.sopropyl  acetate  extract  (291.19  mg.)  was  chromatographe'd  on  a  silica 
gel  column  using  benze'ne  and  benze'iie; ethyl  acetate  mixture's  as  e-luants. 
After  ultravieih't  absorption  analysis,  it  was  founel  that  ceimpenmels  ab- 
seirbing  at  arounel  240  m^u  are*  mainly  in  the*  e*luate*  be*nze*n(*:(*thyl  ace'tate* 
9:1,  anel  a  little*  in  the*  e*luate*  be*nze*ne* :e*thyl  ace*tate*  13:7.  The*  analysis 
she)we*el  that  the*  forme*!-  fractie)n  containe*el  a,  d  unsaturate*el  ke*te)ne‘  e'eiuiv- 
ale*nt  te)  3.1  mg.  of  pre)ge*ste‘re)n(*  (().2%  in  yie*ld).  An  aliepu)t  e)f  the*  9:1 
be*nze*ne*:e*thyl  ace*tate*  e*luate*  whe*n  chromate)graphe*el  on  pape-r  re*sulte*d  in 
a  spot  which  ran  as  pre)ge*ste*rone*,  absorlx'el  ultravie)le*t  light,  anel  was  pe)si- 
tive*  te)  the*  isonicotinie*  hyelraziele*  re'jige'nt.  The*  spe)t  was  e-lute-d  anel  an 
aliepiot  was  mixe*el  with  pre)ge*ste*rone*-C'^  (e*;i.  S,000  cpm)  anel  re*e*hre)mate)- 
graphe-el  first  in  the*  cyclohe*xane*-fe)rmamiel<*  syste*m  and  the'ii  in  the*  pro- 
pyle*ne*  glyce)l-te)lue'ne*  syste*m.  The*  iaelie)active*  pe*ak  was  found  to  ce)incide‘ 
with  the*  spe)t  fe)unel  by  ultravie)le*t  light  abse)rptie)n  anel  ise)nice)tinic  aciel 
hyelraziele*  re‘age*nt  anel  also  with  the  spot  founel  with  authentic  pre)ge‘ste‘r- 
one*-C*^  run  .simultaiu'ously  on  se'parate*  pjipe>r  strips. 

Conversion  of  A:'- pregnenolone  hg  other  ovarian  tissues 

Fe)llicle  fluiel  anel  fe)llicle*  ti.ssue  he)moge*nate*s  we*re  se*parate*ly  ine*ubate*d 
with  pre*gnenolone*.  With  follicle*  fluiel,  no  conversion  cenild  be*  de*te*cte‘d. 
llowe've'r,  the  follicle  tissue*  home)ge*nate'  she)we'el  a  ve'ry  small  pre)eluction 
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of  an  a,/j-unsaturat(‘<l  kc'tono  (2S/ig)  wliicli  was  idcaitificd  by  papca-  (*liroin- 
atograpliy  as  proKf'stcM’onc. 

Influence  of  gonadotrophin  upon  the  eonver.sion 

( Jonadotropliic  pn'parations  such  as  luiniaii  cliorionic  sonadotropliin, 
pregnant  marc’s  s(‘rum  {jonadotrophin,  purifi(‘d  sheep  FSII  and  LH  aloiu* 
or  coinhiiK'd,  and  purifi(‘d  prolactin  did  not  yield  any  significant  incr(“ase 
in  prog(‘st(*ron(*  production  from  A'’-pr(‘gnenolone  by  ovarian  tissue  liomog- 
(*nates. 


Diseussiox 

Tlie  conv(“rsion  st(‘ps  from  cholesterol  to  ])r<'gnenolon(‘  and  prog(‘st(“rone 
by  the  adnaial  subc(‘llular  fraction  hav(‘  Ixh'h  discuss(*d  by  Shimizu  et  nl. 
i'.i,  4).  In  this  pap(‘r  wo  hav<*  d(‘monstrat(‘d  corpus  luteum  and  folliculai’ 
tissue  homog(‘nates  to  lx*  steroidog(*nic  by  th(*ir  capacity  to  cl(*ave  the  sich* 
chain  of  cholest(“rol  or  of  20a-hydroxychol(*st(*rol  as  in  tlu*  case  of  adrenal 
pr(*parations.  Also,  it  was  found  that  chol(‘st('rol  could  be  converted  to 
progest(“ron(‘  by  corpus  luteum  homogenate,  losing  the  20Q;-hydroxy- 
choh'sterol  as  substrat(‘,  (h'smolase  activiti(*s  wen*  found  to  lx*  conc(*n- 
trat(*d  in  corpus-lut(*um-carrying  ovari(*s,  and  pr(*s(*nt  only  to  a  V(*ry 
limit(*d  (*xt(*nt  in  corpus-lut(*um-fre(*  ovari(*s.  Pr(*gn(*noloiu*,  tlx*  most  prob¬ 
able*  nx*tabolit(*  of  chol(*st(*rol  cl(*avag(*,  wjjs  also  found  to  lx*  conv(*rt(*d  to 
prog(*st(*ron(*  by  corpus  lut(*um  homog(*nat(*s.  How(*v(*r,  follicular  tissue* 
he)me)ge*nate*s  she)we*el  ve*ry  little*  such  e*nzymic  activity,  anel  in  fedlicular 
fluiel  neme*  was  ele*te*e*table*  (2),  althenigh  pre)ge*ste*re)ne*  has  be*e*n  me*asure*el 
in  fedlicular  fluiel  (7).  He*cause*  ce)rpus-lute*um-fre*e*  e)varie*s  we)ulel  have*  a 
much  highe*r  e*e)mpe)ne*nt  of  e*e)nne*e*tive*  tissue*  than  woulel  e)varie*s  e*arrying 
ce)rpe)ra  lute*a,the*  limit(*ele*nzymatie*  activity  she)wn  by  fe)llicle*  tissue*  he)me)g- 
e*nate*s  may  have*  be*e*n  due*  te)  the*  smalle*r  amount  e)f  se*cre*tory  material 
re*pre*se*nte*el. 

As  fe)r  ge)nadotre)phin  activity  upeen  ste*re)iele)ge*ne*sis,  the*re*  have*  be*e*n 
re*pe)rte*d:  (a)  the*  accumulation  of  A^-anelre)ste*ne*elione*-:f,  17  in  rat  elie*strus 
e)varie*s  fedleewing  aelministration  e)f  pre*gnant  mare*  se*rum  gemaelotrophin 
(S),  (b)  the*  stimulatie)!!  of  prexluctie)n  e)f  raelie)active*  te*stoste*rone*  from 
ae*e*tate*-(''^  uiule*r  the*  influe*ne*e*  e)f  human  chorionic  ge)naele)tre)phin  (9),  anel 
(c)  the*  ace*e*le*ratie)n  e)f  e*stre)ge*n  fe)rmatie)n  freem  te*ste)ste*rone*  by  fedlicle* 
stimulating  he)rme)ne*  (10).  lle)we*ve*r,  ge)naele)tre)])hin  anel  othe*r  pituitary 
he)rme)ue*s  have*  be*e*n  re*pe)rte*el  as  itu'apable  e)f  ine*re*asing  in  ritro  pre)ge*ste*r- 
eene*  j)rexluction  in  e*or))us  lul(*um  slie*(*  ine*uba(e*s  withexil  ])re*e*urse)r  (11), 
and  tlx*  in  ritro  aelministration  of  e*horie)nie*  geniadeet re)])lnn  tee  te*ste*s  diel 
ix>l  e*hange*  the*  :id-e)l  ele*hyelre»ge“nase*  ae'tivity  ( 12).  I'!xpe*rime*nts  e)n  the*  ])(*i- 
fusie)!!  e)f  (’'^-ae‘e*tate*  thre)ugh  e*e)rpus-lute*um-carrying  e)varie*s  have*  sug- 
ge*ste*el  an  iix*re*ase*  e)f  proge*ste*re)ix*  synthesis  whe*n  cruele*  she*e*p  geenaeh)- 
treephin  is  aelministe*re*el  (Id).  Intact  tissue*  may,  the*re*fore*,  be*  ne*ce*ssary 
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for  th(‘  gonadotrophin  (‘Itoct  or  (*('rtain  specific  conditions  (not  mid  in  tin* 
foregoing  (‘xpei’iinents)  of  gonadotrophin  coinl)ination  and  addition  to  in- 
cul)ate  may  lx*  recpiisite. 
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IXHIHITORV  HFFK(T  OF  VARIOUS  STEROIDS  OX 
( 1(  )X  A I )( )TR(  )PI  1 1 X  H  YPERSI-X  R  ETIOX 
IX  PARABIOTK'  MK'E* 

TAMOTSr  MlVAKi: 

with  the  technical  assistance  of  K.  JIokihe,  K.  Itoca,  Xomuha, 

H.  Kaki’shi,  K.  Odacuchi  and  M.  Kadoavaki 

iJirision  of  ICiKhuriuoloqii.  SInoiiogi  ReHiorch  I.oboratorij.  Oftaka.  Ja/jon 
AHSTHACT 

A  vari«'ty  of  steroids  have  l)eeii  administered  sulx  titaneously  or  orall\  into 
the  eastrate<l  male  partner  of  paral)iotie  mice  to  investigate  their  anti-Kona- 
dotro])hie  aetivity  l)ased  on  thi'  inlnt)itiou  of  ovarian  ftrowth  in  the  intact 
partner  unite<l  with  the  castrated  male. 

The  data  demonstrate  that  estrosenieity  is  most  likely  respcjiisihle  for  anti- 
fjonadotrophie  activity  of  the  compound,  but  either  androgenic  or  progesta¬ 
tional  potency  of  the  steroid  is  not  always  proportional  to  its  antipituitary  ac¬ 
tion.  According  to  the  compound,  especially  in  19-norsteroids,  the  oral 
activity  on  the  gonadotrophin  inhibition  is  not  always  parallel  with  the  sub¬ 
cutaneous  potency.  Xorethynodrel  and  norethisterone.  both  of  which  are 
known  as  orally  active  anti-ovulatory  agents,  have  roughly  the  same  order  of 
anti-gonadotrophic  aetivity  as  that  of  estrone  in  the  oral  test.  Howevc'r,  b- 
niethyl-17-aceto.\yprogesterone,  17-1 .  methallyl-  or  17-2.  methallyl-lO-nor- 
testosterone.  all  of  which  are  orally  potent  progestational  substance's,  like 
progesterone  itself  <h»  not  show  an.\'  significant  inhibition  of  i)ituitary  gonado¬ 
trophin  when  administered  orally. 

Further,  as  a  possible  mechanism  for  the  manifestation  of  anti-gonadotnt- 
phic  action  of  \  arious  steroids,  it  is  discus.'icd  that  a  part  of  the  compound  may 
convert  into  some'  estrogen-lik<‘  substance  in  the'  body,  the  amount  of  which  is 
able  to  inhibit  gonadotntphin  .xecretion  but  not  enough  to  affect  periidieral 
targets,  although  a  major  jeart  of  the  steroid  administe'red  is  resjeonsibh'  for 
the  hormonal  activities  tlu'  compound  may  have. 

BI'.SlDI'jS  llie  naturally  occurring:  sexagens,  a  nuinher  of  synthetic 
steroids  have  recently  been  demonstrated  as  anti-gonadotrophic 
substances  which  inhibit  the  .secretion  of  pituitary  gonadotrophin  (1,  2, 

I,  ■)).  Most  of  these  experiments  have  been  carried  out  using;  parabiotic 
rats. 

In  our  previous  paper  (b),  it  was  demonstrated  that  parabiotic  mice  are 
useful  for  the  estimation  of  g:onadotroj)hin  hypersecretion  and  its  inhibition 
by  certain  steroids,  and  that  a  low  mortality  of  parabionts  was  observed 
even  in  the  u.se  of  non-littermate  mice.  Sub.sequently,  in  our  laboratory,  the 

Received  .lanuary  .■>.  ItXil. 

'  The  outliiu'  of  this  i)ai)er  was  read  at  the  F-rst  liiteruational  ('ongrc'ss  of  F.iulo- 
crinc/logy.  ('opeuhagen,  Deui.iark,  July,  19b(). 
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aiiti-g()na(l()ti<)i)lii(‘  activity  of  various  (*oinpouu<ls  has  l^eeii  tested  in 
parabiotic  mice  to  investigate  \vhetlier  the  pituitary  goiiadotropliin  inhil)i1- 
ing  activity  of  tlie  syntlietic  compounds  is  proportional  to  peripheral  effects 
such  as  estrogenic,  progestational,  androgenic  or  anabolic  activity. 

The  steroids  used  in  this  experiment  are  as  follows:  estrone,  estriol, 
ethyny  1-estradiol,  et  hynyl-est  radiol-R-met  hyl-ether,  diethylstilbestrol, 
methyltestosterone,  methylandrostenediol,  ethynyltestosterone,  2a- 
methyl-dihydrotestosterone,  2a,17a-dimethyl-dihydrotestosterone,  2- 
hydroxymethylene-17a-methyldihydrotestosterone,  A‘-pregnenolone,  pro¬ 
gesterone,  17a-acetoxy progesterone,  ()a-methyl-17a-acetoxy progesterone, 
17a-ethyl-l{)-nortestosterone  (norethandrolone),  17a-ethynyl-10-nortes- 
tosterone  (norethisterone),  17a-ethynyl-r)(  10)-estraenolone  (norethyno- 
drel),  17a-l.  methallyl-lR-nortestosterone,  l7a-2.methallyl-ll)-nortestos- 
terone,  cortisone  acetate,  hydrocortisone  acetate  and  desoxycorticosterone 
acetate. 


■METHODS 

1.  A  uti-gotKuIolrophic  (ictiriln 

X()ii-litt(“i  inatc  all)iii<)  niici'.  wcifiliiiiff  1.5  to  17  f^in.  of  our  iiil)rc(l  colony  (ddS-strain) 
were  used.  The  castrated  mah'  and  intact  teinale  were  put  into  i)aral)iosis  by  a  modifica¬ 
tion  of  tlu'  Itunster  ami  M('yer  (7)  metlio<l  umU'r  methylliexaharhital  sodium  anes- 
tlu'sia  as  previously  deserilaal  (fi). 

Steroids,  as  tine  crystal  susiamsions,  wen*  injc'cted  sulx'utaneouslv  or  force  fc'd  hy 
•lavafie  into  the  castrated  partner  onc(>  daily  for  10  days  startin>;  on  the  day  of  para¬ 
biotic  union.  The  suspemliiif!;  vehicle  consists  of  an  atpnams  solution  of  soilium  ehloridi' 
dl.O^t),  polysorbate  SO  (0.4^),  carboxymethyl-eellulose  (0..59()  and  benzyl  alcohol 
(0.9^).  Th(‘  volume  injc'cted  or  fed  was  0.1  ml.  per  day. 

Two  control  j^roups  of  parabionts,  castrated  male-intact  bunale  and  non-castrate(l 
male-intact  female,  the  male  partner  of  which  received  suspendinji  vehicle  only,  were 
set  up  for  estimatin}>:  the  iidubition  of  fjonadotrojjhic  secretion  by  the  steroidal  com¬ 
pounds.  .\ll  pairs  were  sacrificed  on  the  day  followiii};;  the  last  treatimuit,  and  jjonadal 
oifians  w(>re  weiy;hed.  The  pena'ntafje  inhibition  of  ovarian  f>;rowth  calculated  aceord- 
iiiK  to  the  t'ollowiiiff  formula  served  as  an  indicator  of  K<>nadotro])hin  iidubition;  lOOX 
(V-(')  (\'-Vi),  where  V,  ('  and  Vi  indicate,  resjiectively.  the  average  ovarian  weights 
of  the  intact  female  united  with  the  vehicle-injected  castrated  male,  the  eom|)ound- 
injeetiMl  castrated  male  and  tin*  vehicle-injecteil  non-eastratecl  male. 

2.  rt(  rot  ropin' r  artivitg 

Kterotrophie  activity  was  determined  in  S  to  10  gm.  immature  femah'  mice  (ddS- 
strain).  'I’he  steroids  dissolvial  in  sesame  oil  wcti'  administered  subcutaneously  once 
daily  for  5  consecutive  days  to  dose  groups  of  10  or  20  animals.  'I'lie  animals  were  sac- 
rified  on  th(‘  day  following  the  la.st  injection.  The  uteri  were  weighed  after  the  fluid  was 
expr(‘ss(>d. 

2.  A  ndrogenic  and  mgolrophic  artiritg. 

\  modification  of  the  Kisenberg  and  (lordon  method  (8)  was  usial.  Wistar  male  rats 
weighing  Ixdweon  40  and  .50  gm.  were  castrated  and  divided  into  dosage  groups  of  10  or 
more  animals  ea»  h.  Starting  48  hours  after  castration.  th(‘  comiHUinds  were  adminsteri'd 
subcutaneously  as  tine  crystal  suspensions  once  a  day  for  7  consecutive  days.  'I'he 
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iMiinpositiiiii  (if  siis|icn(liiii;  vcliiclc  \\:is  the  smiiic  ms  tlint  used  in  tin*  Miiti-^oiiailotropliic 
artix  ity  test.  'I’lic  animals  wen-  sacrificd  on  tlic  I’olldw  iny:  day  and  si'ininal  vesicles, 
ventral  pmsl.-ife  ami  levaf<n'  ani  muscles  reimix-ed  and  weijilied.  I•'lnid  was  expressed 
from  the  semin;d  vesicles  prim-  to  weijtliinn. 


UKsii/rs 

1.  A  n(i-<i<ni(i(l()lr()/)liir  (u  livUij 

a)  lleproducihility  of  the  castration  liyperseeretion. 

Before  estiinatinji  tlie  steroid  inhibition  of  gonadotrophin  secretion,  the 
reprodiicil)ility  of  castration-hypersecretion  of  gonadotrophin  in  tlie  para¬ 
biotic  mice  was  confirmed.  Mach  of  the  six  technical  assistants  made  d  or  4 
pairs  of  intact  male-female  and  the  same  pairs  of  castrated  male-female  on 
the  same  day.  Oidy  the  susjtending  vehicle  0.1  ml.  per  day  was  injected 
subcutaneously  once  daily  for  10  days  into  the  male  partner. 

The  data  on  7  sets  of  experiments  were  analyzed,  as  presented  in  Table  1, 


TaBI.K  1.  CIKII.ITY  OK  CASTK  ATION-II  Yl’KRSKCKETIOX  OK  CON  A  UOTKOl’Hl  N 

.•I,  Intact  malc-fcinalc  paraliioiits 


( tvarian 

weight  * 

Date 

Mortality 

No.  of  jiairs 

— 

- 

.Mean 

±S.E. 

.Ian.  27 

0,  1.') 

1.1 

.11  .3 

±2.8 

Feb.  3 

t  IH 

14 

44.1 

±3.1 

Feb.  10  . 

G  IH 

12 

30.4 

+  2.5 

Feb.  10 

3/10 

IG 

'  31  .8 

±  1  .3 

-Mar.  2 

3/18 

1.1 

38.3 

+  1 .0 

Mar.  tt 

1  10 

18 

34.  G 

±  1  .0 

Mar.  10 

0/18 

18 

3.1.0 

±2.2 

( Ipcrator 

.V 

4/21 

17 

33.0 

±  1  .0 

B 

2/22 

20 

30.2 

±1.0 

(' 

2/21 

10 

30.0 

±2.G 

1) 

3/22 

10 

41  ..1 

+  2 . 2 

!•: 

1  18 

17 

3G .  4 

+  2.0 

F 

21 

IG 

43.8 

±3.7 

b.  Castratcil  male 

-female  parabionts 

No.  of 

Ovarian  weight* 

Date 

.Mortality 

Failure 

- 

.  -  -  - - 

pairs 

■Mean 

±S.E. 

•Ian.  27 

1  1.') 

Oil 

14 

1 13.4 

+  G.3 

Feb.  ;t 

2  18 

1  IG 

1.1 

108.7 

±  7.1 

Feb.  10 

3  18 

2  1 .1 

13 

10.1.0 

+  G.7 

Feb.  I(» 

1  10 

G '  1 8 

12 

8.1.. 1 

+  .1.1 

Mar.  2 

3  10 

.1 '  IG 

1 1 

108.0 

+  G.8 

Mar.  It 

1  10 

.1  18 

13 

00.0 

+  1 1  .0 

Mar.  IG 

0/10 

2  10 

17 

1 20 . 7 

±11.7 

<  )p<‘r:ilor 

.\ 

2/21 

G  10 

13 

101  .1 

±  8.1 

B 

2 '23 

2/21 

10 

1  14.0 

±  7.3 

(’ 

1  /21 

2/20 

18 

04.. 1 

±  3.G 

1) 

2/22 

2/20 

18 

1  IG.7 

±11.4 

!•: 

1/18 

4  17 

13 

1 12. .1 

+  7.2 

F 

3/22 

.110 

14 

110.8 

+  10.8 

*  inn.  pvr  lot)  nni-  l>«dy  wcinht. 

B,  C,  D,  E,  and  P':  person  cnnaned  in  the  operation. 

Failure;  the  data  (ovarian  weight)  below  GO  mg.  per  100  gm.,  indicating  the  failure  of 
gonadotrophin-hypersecretion. 
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:v.M 

for  tlio  mortality  of  paial)ioiits,  failure  of  jioiiadal  liyiKMt ro])liy  (numlx'r  of 
pairs  failing:  to  show  any  gonadal  stinndation  in  the  intact  partner)  and 
mean  ovarian  weight  with  standard  error,  according  to  the  date  of  opera¬ 
tion  and  the  individual  operators.  'Fhedata  indi(*ate  fair  reproducibility  of 
gonadotrophin  hypersecretion  and  relative  homogeneity  of  parabiosis 
technic  of  the  six  o])erators. 
b)  Subcutaneous  assay. 

The  data  on  the  groups  treated  by  estrogens,  androgens,  gestagens  and 
corticoids  are  presented  in  Tables  2,  8,  4  and  o,  res))ectively. 


TaBI.K  2.  ANTl-(lii\AI)()TH<>l*niC  ACTIVITY  (IF  KSTROCEXS  (si  HCCTANEOI  S  ASSAY) 


Total 

No.  of 

('astrated 

Intact 

inliibitiDti 

( 'oiiipoiiiid 

dost* 

(iiiK.) 

Ilf  ovariati 
growth 

pairs 

Soininal 

vosiclcs 

Ventral 

prostate 

Items 

Ovaries 

Kstnmc 

10  » 

4 

02±  18.;i* 

10+  1 .0* 

011  8.4* 

85+  8.8* 

108 

10  ' 

4 

.lei  0.4 

011.2 

121+  28.7 

421  4.4 

00 

10  « 

8 

80±15.7 

11 10.0 

474  +  4'.t .  0 

101110.2 

15 

10  t 

.5 

85 ± 12.7 

1111.8 

.5711  48.7 

lO'.tl  6.6 

4 

Kstriol 

10  t 

.5 

77+  10.0 

0+1.8 

2(M)+  67.6 

46+  5.0 

08 

10  3 

4 

76+11.1 

12+1 .6 

.5.50  +  140.5 

1121  8.6 

0 

10  ' 

f, 

60+  10.0 

12  +  2.7 

4081  06.8 

122117.8 

-14 

Kthynylfstradicd 

10  » 

h 

72+  8.5 

10  +  2.1 

1251  0.8 

441  8.6 

06 

10  t 

6 

61  ±  2.1 

10  +  0.8 

1281  28.1 

47+  7.0 

•t2 

10  3 

6 

85125.6 

141  1  .6 

44.5+  01  .0 

100  +  26.8 

17 

10  • 

5 

82+12.7 

121 1 .0 

665  1  68 . 5 

1061  il.O 

8 

17«-KthynyU'i*t  nidioI-S- 

10  3 

,5 

70+  4.6 

11  +  1.0 

1.50  +  86.7 

48+  5.1 

!t7 

ii»*tliyl-t*tbcr 

10  t 

4 

68+  0.1 

1110.4 

2.501  118.8 

80+  5.8 

108 

10 

h 

04  +  12.2 

0+1 .2 

.5411  84.6 

116+10.7 

-6 

10  « 

.5 

60 ±  2.0 

1411.8 

.567  +  104.7 

1151  16.2 

-4 

I)i(‘thylstiIb<‘strol 

10  3 

4 

84+  8.1 

10+1 .0 

08+  7.6 

47+  7.0 

02 

10  < 

.■> 

72+12.0 

0+1.8 

78+  0.2 

46+  10.2 

08 

10  3 

.5 

85±  11.0 

8+1.2 

8671  180.2 

100  +  18.7 

17 

10  • 

f, 

60+  0.6 

811.2 

4481  140.4 

1071  10.1 

7 

10  : 

4 

.58+10.7 

14+1.7 

6251  86.8 

121110.8 

-18 

Control 

(castrated  inale-feinale) 

18 

82 ±  7.8 

0  +  0.0 

.500  1  48.8 

1221  4.4 

(intact  inale-feinale) 

!) 

165180.7 

28  ±4.5 

11.51  6.1 

411  8.6 

*  Mi*an±S.K.  (lufj.  per  KM)  gm.  body  weight). 


All  estrogens  (estrone,  estriol,  ethyny  1-estradiol  and  its  3-methylether 
and  stilbestrol)  injected  into  the  castrated  male  inhibit  the  gonadal  hyper¬ 
trophy  of  intact  female  partner,  listrone  is  the  most  active  and  estriol  the 
weakest  in  this  group.  The  other  three  estrogens  (stilbestrol,  ethynyl- 
estradiol  and  its  8-methylether)  are  intermediate  and  their  potencies  are 
almost  identical. 

Six  androgens  (methyltestosterone,  methylandrostenediol,  ethynyl- 
testosterone,  2a-methyl-,  2a,17a-dimethyl-  and  2-hydroxy  methylene-1 7a- 
methyl-dihydrotestosterone)  are  all  active  in  this  test,  but  they  are  less 
potent  than  most  of  the  estrogens.  Methyltestosterone,  methylandro¬ 
stenediol  and  ethynyltestosterone  induce  almost  the  same  order  of  gonado¬ 
trophin  inhibition  as  that  of  estriol  without  any  exertion  of  androgenic 
effect  on  the  castrated  male  partner.  The  three  dihydrotestosterones  are 
less  active  than  the  former  three  androgens,  and  their  anti-gonadotrophic 
effects  are  accompanied  with  marked  androgenic  action  on  the  castrated 
male  partner,  as  indicated  in  Table  3. 
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'I'aBI.K  A\TI-(;u\ AltllTKOl’llIC  ACTIXITY  <lK  AM)KO<;KNS  (  ST  BCITA  N  K<  US  ASSAY') 


<  'oiiipound 

Total 

dow 

(IIIR.) 

No.  of 

( ‘astrated 

Intact 

inhibition 
of  ovarian 
KHHVth 

pairs 

St'iiona! 

vesicli-s 

\  (‘iitral 
prostato 

I’tlTIlS 

Ovaries 

M«*tliylt<*stost«*rnnc 

1(1  ' 

6 

fi2i  i'.»,;i* 

10*0.7* 

l.W  - 

80.1* 

421  8.4* 

10  -• 

5 

70-^  l.'.  'l 

12  +  1.6 

24b  + 

811.4 

.521  11 .8 

H5 

10  • 

4 

6.1  ±  7.'.( 

8*2.  .5 

.V.t2  i 

78.. 5 

1121  15.5 

{) 

Mrtliylaiidrostrtiodiol 

10  1 

.5 

86+  ',(.!( 

i;i±  1.7 

325  ± 

8;i.8 

.561  8.4 

7'.» 

10  ! 

5 

67*  i;i.:i 

7±  1 .4 

202  ± 

>12 . 1 

51+  7.8 

85 

10  > 

5 

7.5*  7.2 

12  +  0.6 

54b  ± 

72.0 

1171 15.7 

—  7 

lo  1 

4 

74+  i;i.:i 

14  +  0.11 

257  ± 

61 .(( 

.57+  8.8 

77 

10  : 

f) 

S4±  17.!( 

i;i  ±  1  1 

8471 104.11 

.511+  10.11 

75 

10  > 

4 

8‘.lil7.0 

10  ±2. 11 

.54.5  1 

82.6 

1021  16.8 

14 

2u-M(‘t  hyldiliydrotcHto- 

10 

5 

;i'.(7±:i8..5 

4:1  *  1  .11 

811  n; 

8. .5 

881  8.8 

111 

storoiK* 

1 

(t 

2:10+  lit.  2 

18  +  0.11 

1(0  + 

5.1 

811  1.0 

114 

10  > 

b 

1(H(±  12..5 

i;i  +  2.6 

.5411 1 

.52.6 

1171 10.11 

—  7 

Ja.lTrt-Diiuothyldihydro- 

1 

b 

:i27  +  ;i2.2 

;io  +  .5.o 

881 

12.0 

861  4.2 

li>7 

tostostorom* 

10  1 

p 

8:1  ±  .5.1 

11+1.1 

.5461 

4.5. 11 

1021  6.6 

14 

10  = 

62+  6. .5 

i:i±  1 .0 

6671 

28.2 

124110.8 

-17 

J-Hydnixyiiiotliylene-lTa- 

1 

b 

266*  1.5.0 

2114.0 

81(1 

10.11 

41*  2.11 

l(K) 

iiiet!iyl-dihydrot<*st«»- 

10  ' 

fi 

1(0+  2. .5 

1416.0 

.544  + 

88.7 

1081  18.4 

b 

st<*ron<* 

10  J 

4 

1(6+  l(.;l 

11 1  1 .8 

.5201 

82 . 1 

1101 16.8 

3 

( 'onirol 

U’HStratod  iitalc-ft'iiialo) 

IS 

82+  7.;i 

11  *  0.11 

.51MI  * 

48.8 

1121  4.4 

(intact  inalc-ftMituIc) 

p 

16.5  +  ;i0.7 

2.1 1  4  .  .5 

11.5  1 

6.1 

411  8.6 

*  McaniS.K.  (infc.  per 

1(N( 

bod>  u 

•IKlltl. 

I'abi.k  4.  .\\ri- 

-CtiNADuTUop 

MK  AfTIVITY 

KSTA(; 

K\S  (S 

1  BCl 

TANKdl  S  assay) 

('oiiiponixi 

'Total 
dose 
(MIS.  1 

No.  of 
pairs 

( ’ast  rated 

Seminal  Ventral 

vesicles  pn^state 

Intact 

I'tenis  Ovaries 

‘  inhibition 
of  ovarian 
srowth 

A‘-I*r<*gncnoltnn* 

10 

♦> 

1181 16.8* 

20  * 

1.8* 

8061 147.4* 

80+15.0* 

82 

1 

7 

1281 12.2 

10  + 

0.7 

.5!(4  + 

68.6 

110+10.5 

-10 

10  1 

5 

761  7.8 

141 

1.8 

.588 1 

84.2 

1841  16.0 

-81 

Proecsten  me 

10 

ft 

104121.6 

14  1 

2.2 

00  + 

15.6 

88+  8.0 

111 

1 

b 

75+  0..5 

101 

1  !*{ 

8651 

'.(!( .  4 

861 16.8 

87 

10  ‘ 

4 

471  8.8 

51 

1.2 

.580 1 

68.8 

130+  10.0 

-88 

10  : 

•'» 

771  8.2 

0  1 

O.I.I 

.5701  112.1 

125+16.4 

-18 

17tt-.\eetoxypn  ►gr.sirnme 

1 

4 

118121.0 

171 

2.7 

04  + 

14.8 

88*  12.4 

104 

10  > 

4 

661  8.8 

■  * 

0.0 

.5741 

46.1 

1041 11 .0 

11 

b<t-Met  llyl-17«-aceto\y- 

10  1 

5 

87  +  12.7 

11  * 

1.5 

8081 

44.0 

.50+  0.5 

87 

p^o^resterone 

10  » 

5 

112+10.8 

101 

0.8 

201 1 

72  2 

471  10.0 

02 

10  < 

4 

1161  14.7 

18* 

1 .5 

286  1 

51.4 

68+  0.4 

62 

10  ' 

4 

57  *  5.2 

6  1 

0.8 

.5621 

18.0 

1151  0.5 

-4 

17«jr-Kthyl*P»*in>rt<*sto- 

I 

4 

161 121 .0 

12  + 

0.5 

122  + 

5.5 

85+  2.0 

108 

sterone 

10  > 

b 

761  5.1 

0  + 

1 .8 

20.5  + 

70.6 

441  5.2 

06 

10  = 

5 

1101  18.7 

121 

2.1 

404  + 

60.4 

801  0.4 

82 

10  > 

5 

811  7.0 

181 

2.2 

477* 

75.8 

1181  12.4 

-1 

l7ar-Kthynyl-l‘.»-nortesto- 

10 

4 

•287188.0 

27  + 

8.8 

414  + 

46.1 

.561  2.8 

70 

st<*rone 

1 

5 

285+  12.5 

24  + 

2 .  .5 

808* 

86.4 

.511  4.1 

86 

10  1 

b 

85*  4.5 

18  + 

1 .5 

1111 

.5.8 

.57+  8.0 

77 

10  : 

b 

78+11.7 

11  * 

1.1 

807  + 

06.4 

00+  10.5 

81 

10  » 

b 

70+13.1 

101 

1  .8 

4.56  X 

5.7 

1141  8.8 

-8 

17a'-KthynyI-5(  Hl)-estra- 

10  • 

5 

05+12.8 

151 

1 .8 

106  1 

.55.0 

.52+  8.0 

85 

eiiolone 

10  i 

5 

08+15.8 

10  + 

1.7 

8621  107.2 

78122.6 

48 

10  « 

b 

04  +  11.6 

8  + 

0.0 

828  + 

.58.5 

841  10.4 

80 

10  ■ 

118*  18.5 

121 

10.8 

.5671 

74.6 

1201  11  .4 

-11 

17a-l.Methyanyl-l‘»- 

1 

8 

101  1  10.2 

101 

0.0 

201  + 

80.2 

471  4.0 

02 

nortestc4Sterone 

10  ' 

5 

641  6.2 

01 

1.2 

.5.58  1 

10.0 

06111.6 

28 

17a-2.Methallyl-11i* 

1 

4 

021  6.8 

18  + 

1.8 

•205  + 

68.8 

621  10.1 

70 

nortestosterone 

10  1 

b 

771  8.8 

111 

1.0 

.585 1 

62.5 

1061  12.7 

8 

( 'ontrol 

(ca8trati*d  malo-female) 

18 

821  7.8 

0  + 

0.0 

.5!H1  + 

48.8 

1121  4.4 

(intact  niale>feinale) 

p 

165x80.7 

281 

4.5 

1151 

6.1 

411  8.6 

M<*an±S.K.  (n»K.  P<*r  Rin.  body  weittht). 
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The  (lata  on  i)i()f»estati()nal  steroids  (Tal)le  4),  except  for  tlie  19-nor- 
steroids,  suggest  that  the  anti-gonadotropliic  activity  of  the  compound  is 
roughly  related  to  its  progestational  activity  as  estimated  in  the  Claul)erg 
rahl)it  (9).  The  most  potent  progestin  in  this  group,  ()-methyl-17-acetoxy- 
progesterone,  shows  marked  inhil)ition  of  ovarian  growth,  the  grade  of 
which  is  between  estrone  and  estriol,  without  significant  androgenic  reac¬ 
tion  in  the  castrated  male.  Among  tlie  19-norsteroids,  however,  the  order 
of  anti-gonadotrophin  activity  is  not  always  parallel  with  that  of  progesta¬ 
tional  potency  as  indicated  in  Figure  4.  17-2. Met hallyl-19-nortestosterone, 
an  extremely  potent  progestational  substance  in  the  Clauberg  assay  (.10), 
does  not  show  any  superiority  in  the  anti-gonadotrophin  test.  On  contrast, 
a  weak  progestin,  norethynodrel,  sliows  marked  gonadotrophin  suppres- 


'I'aBI.K  5.  A\TI-<i()N ADoTUtH’llM'  ACTIVITY  ( 

i>i-’  coKTicoi i)s  (srHcn 

rA.\E<»l  S  AS 

■  SAY) 

Total 

C'oiiipoiind  dose 

No.  of 
pairs 

Castrated 

Seminal  Ventral 

vesicles  prostate 

Intact 

I’tenis  Ovaries 

inhibition 
of  ovarian 
growth 

< 'ortisone  acetate  1 

5 

70+  n  5* 

16  +  4.0* 

648+  88.4* 

120+  1.1.8* 

-11 

in  1 

6 

57+  8.4 

12±  1  .5 

6:i4±  61.7 

1:12+  6..1 

-28 

Hydrocortisone  acetate  1 

5 

75+  7.0 

1 .1  ±  1 .  .1 

,102  ±  126.4 

118-21.6 

-  8 

in  t 

4 

7.i±  0.8 

0±0.2 

.1.16  ±  160  ..1 

12.1±:i0..1 

-18 

1  )e8oxycorticoster<»ne  in 

6 

78  ±11.1 

0  +  0.0 

200+  68.1 

8.1+  1.1.4 

:i8 

acetate  1 

4  . 

55+  8.8 

6  +  0. .1 

4.i:i+  6.1..1 

100+  0..1 

17 

in-i 

5 

66 ±  7.8 

8±1.1 

420  +  1.V).4 

06+  18.0 

2:1 

Control 

(castrated  iiiale>feiiiale) 

18 

8++  7..'1 

0  +  0.0 

.loot  4:1.8 

112+  4.4 

(intact  inale-feinale) 

n 

16.11:10.7 

•->:i  ±  4 .  .1 

11,1+  6.1 

41  ±  :i.6 

*  Mean  +  S.K.  (mg.  per  1(K>  gin 

.  body  we 

iKlit). 

sion,  the  activity  of 

which 

is  ecpiiva 

lent  to 

that  olitained  by 

ethynyl- 

estradiol.  However, 

small 

amounts 

of  the 

aromatic 

steroids, 

,  mainlv 

ethynyl-estradiol-:i-methylether,  contaminating  this  compound  might  ac¬ 
count  for  a  part  of  this  activity.  .V  large  dose  of  norethandrolone  and 
norethisterone  produces  androgenic  effects  along  with  the  anti-gonado¬ 
trophic  effect,  but  the  thresholds  of  their  effective  doses  for  gonadotropliin 
inhibition  are  lower  than  that  for  male  accessory  organ  stimulation. 

.Vs  indicated  in  Table  o,  desoxycoiticosterone  a(*etate  has  a  slight 
gonadotrophin  inhibiting  activity,  but  neither  cortisone  acetate  nor  hydro¬ 
cortisone  acetate  inhibits  pituitary  gonadotro])hin  hypersecretion  in  para¬ 
biotic  mice  in  a  total  dose  uj)  to  10  mg.  per  pair. 

c)  Oral  assay. 

The  results  obtained  by  oral  administration  of  the  steroids  are  ])resented 
in  Tables  G  and  7.  C'ompared  with  the  subcufaneous  test,  all  steroids  showed 
a  reduced  activity. 

Ify  oral  administration,  estrone  markedly  reduces  its  anti-gonadotrophic 
activity,  whereas  ethynyl-estradiol-d-methylether  does  not.  The  oral  activ¬ 
ities  of  androgens  are  approximately  1  lb  b>  1  190  of  their  subcutaiu'ous 
activities.  Almost  complete  iidiibition  of  gonadotroj)hin  hypersecretion 
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TaBLK  0.  AnTICOXADOTKOPIUC  activity  ok  KSTROOKNS  AM)  A.\I)RO(!E.\S  (oral  assay) 


Compound 

No.  of  - 

Castrated 

Intact 

inhibition 

(niK.) 

Seminal 

vesicles 

Ventral 

prostate 

Uterus 

Ovaries 

of  ovarian 
growth 

Kstrone 

10  ■  7 

63+  4.1* 

7±0.2» 

228+  41.7* 

.541  6.0* 

71 

10  s  7 

49+  6.0 

7  ±0.0 

.530  +  70.0 

851 10.0 

10 

io-»  i;i 

43 ±  3.8 

8  +  0.8 

571+  50.4 

1051 10.2 

-15 

1 7a-Et  h  vn  viest  radioU3- 

10  *  6 

43+  2.6 

7  +  0.6 

103+  4.0 

.37+  2.7 

100 

inethyl-ether 

10  »  6 

31+  4.5 

5  +  0.6 

127+  30.0 

20+  4.0 

114 

10  •  6 

35 ±  3.3 

6±1.1 

3771  1(K).  7 

66112.5 

51 

Testosteront*  propionate 

10  6 

131  +  13.7 

26  +  3.2 

1301  35.1 

44+1.3.0 

88 

1  6 

3‘.)±  4.2 

12±0.6 

4411122.1 

051 13.0 

2 

Methvltestosteronc 

10  7 

115+10.6 

21  +  1.5 

245+  77.0 

40+  5.8 

80 

1  14 

53+  4.1 

14  +  0.0 

300+  ,56.6 

63+  6.0 

.56 

10  >  6 

38+  6.0 

11+0.4 

372  +  107.8 

70+17.8 

29 

10-«  6 

38+  4.2 

10±1.0 

3651 101.5 

76120.0 

34 

Ktliynyltestosterone 

10  7 

40+  8.7 

10+1.2 

306  +  78.1 

66+  8.5 

51 

1  6 

27 ±  4.8 

7+1.2 

.3861  74.0 

70114.2 

29 

2-  Hydrox  vinet  hy  lene-1 7a- 

10  5 

102 ± 10.5 

22+1.6 

1321  22.3 

42+  8.1 

92 

methyl-dihydrotesto- 

sterone 

1  5 

48±  4.2 

1.3  ±  1 .4 

2841 11.3.0 

.581 16.0 

64 

Control 

(castrated  male-female) 

50 

.33+  1.5 

7  +  ().:i 

432+  26.7 

06+  5.2 

(intact  male-female) 

38 

52 ±  4.7 

14±0.8 

nil  13.5 

.371  1.6 

*  .MeaniS.K.  {ing.  p«'r  1(K)  Kin.  body  weiKht). 

produced  by  these  androgens 

is  ahvayi 

s  accoinp 

allied  witli  the  stimulation 

of  male  accessory 

■  organs. 

Progesterone, 

()-methyl-17 

-acetoxy progesterone,  and 

17-Lmethallyl  or 

17-2.methallyl-19-nortestosterone  produce  no 

significant  inhibition  of 

Table  7. 

A.\Tl-(iONA»()TR()PllIC  ACTIVITY  <)F  (iESTAGENS  (oRAL  ASSAY) 

Compound 

V,.  ,.f 

Castrated 

Intact 

^  inhibition 

dost*  *  • 

(mg.) 

Seminal 

vesicles 

Ventral 

prostate 

Uterus 

Ovaries 

of  ovarian 
growth 

ProResterone 

10  7 

25±  1.2» 

5  +  0.4* 

442+  76.6* 

85+14.0* 

10 

1  6 

23+  1.4 

6±1.2 

407  +  120.2 

801 18.6 

27 

10  1  7 

26+  1.0 

7±0.7 

380  1  03.7 

84112.8 

20 

6a-M  ethyl- 1 7a-aoetoxy- 

10  5 

31+  5.2 

0+1.6 

4301 147.5 

00+18.5 

10 

progesterone 

1  7 

30 ±  2.5 

8  +  0.7 

444+  65.6 

99  +  11.9 

-5 

10  '  13 

45+  6.0 

8±0.7 

3441  53.4 

70  +  10.1 

20 

10  «  5 

53+  0.7 

10  ±  1.0 

4201 133.3 

701 14.5 

29 

10-*  6 

.52 ±  7.0 

7±0.8 

4011 107.8 

801 12.2 

27 

1 7a-K  t  byl- Ht-nortest  o- 

10  7 

72  +  11.3 

11  +  1.5 

10.3+  13.3 

381  3.2 

08 

sterone 

1  6 

.50±  6.0 

0±  1.0 

80  +  6.1 

371  3.3 

100 

10  >  7 

46+  4.4 

8±0.7 

1401  28.4 

701 15.4 

44 

17a-Kthynvl-19-nort<‘8to- 

10  6 

,56 ±  7.6 

8  +  1.2 

172+  12.4 

.381  3.0 

08 

sterone 

1  7 

34  ±  3.1 

8±0.0 

1431  20.1 

.371  4.7 

KM) 

10  '  13 

31+  2.0 

7  +  0.5 

100+  .36.8 

561  7.8 

68 

10*  6 

.33+  5.0 

0  +  0.5 

2111  71.0 

61113.2 

50 

10  »  6 

.30 ±  0.0 

7±0.8 

3121 1(K).  2 

7.3115.5 

.30 

17a-Kthvnyl-5(  lO)-esti  a- 

10  5 

47+  2.6 

11  +  1.5 

482+  50.7 

.37+  3.7 

100 

enolone 

1  6 

42+  .3.8 

0±0.4 

274+  45.0 

30+  3.0 

07 

10  1  6 

42+  3.6 

8±0.0 

108+  21.7 

41+  4.3 

03 

10*  11 

35 ±  6.0 

7  +  0.5 

3.3.3+  63.0 

60+13.4 

46 

10  *  7 

31  ±  .3.1 

6±0.4 

4601 103.8 

88+11.5 

.31 

I7a-l.Metliallvl-I<t-nor- 

10  6 

37+  3.6 

8  +  0.8 

443+  <»6,6 

120124.2 

-41 

testosterone 

1  .') 

35 ±  2.5 

7±0.7 

.504  1  62.1 

.  111111.4 

-25 

17a-2.Methallvl-19-noi- 

1  0 

36+  3.3 

7 +  (».(» 

424  +  02.3 

70+11.8 

29 

testosterone 

Control 

(eastrut<Hl  niale-feinale) 

.'iO 

33+  1.5 

7±0.3 

4321  26.7 

061  5.2 

(intact  niaU^-female) 

38 

.52+  4.7 

1410.8 

nil  13.5 

371  1.6 

*  McanlS.K.  (iiik.  per  IIH)  eiii.  body  weiclit). 
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ovarian  growth  even  in  a  total  dojse  up  to  10  ing.  Xorethandrolone,  nor- 
ethisterone  and  norethynodrel  exert  tlieir  anti-pituitary  effeet,  the  grade  of 
wliich  is  roughly  the  same.  Complete  inhibition  of  ovarian  growth  induced 
by  norethandrolone  or  norethisterone  is  obtainable  by  a  non-androgenic 
level  of  their  dosage.  This  agrees  with  the  residts  obtained  in  the  sub¬ 
cutaneous  assay. 

2.  Utcrotrophic  (ictivitjf 

ITerotrophic  activities  of  six  estrogens  and  two  10-norsteroids,  nor¬ 
ethisterone,  norethynodrel  are  summarized  in  Figure  1.  The  order  of 


Oo8e  in  Log  scale  (yug) 

Fig.  1.  Dosc-rcsponsc  curve's  of  various  (‘stro»»'ns,  iion'tliyiiodrcl  and  norc'tliistc'ronc 

for  utcrotropliic  activity. 

activities  is  ethynyl-estiadiol  >stilbestrol  >estrone  >ethynyl-estradiol-;l- 
met  hy let  her  >  est  riol  =  norethynodrel  »noret  hist  erone.  I  ■  t  erine  hydration 
is  observed  at  autopsy  in  the  norethynodrel  group  but  not  in  the  norethi¬ 
sterone  group. 

.‘1.  Androgenic  and  mgotrophic  aclivity 

The  dose-response  relationships  of  testosterone  propionate  on  the  semi¬ 
nal  vesicles,  ventral  prostate  and  levator  ani  muscles  are  presented  in 
Figure  2. 

The  data  suggest  that  testosterone  propionate  in  a  total  do.se  of  11.2  mg. 
per  rat,  produces  the  maximal  resi)onse  for  the  three  targets.  The  responses 
of  ventral  prostate  and  levator  ani  muscles  to  the  other  compounds  includ¬ 
ing  norethisterone,  norethynodrel  and  ])rogesl erone  are  investigated  at  the 
dosage  level  of  3.2  mg. 

The  increase  ratios  of  the  target  weights  against  control  level  are  j)lotted 
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Fi(i.  2.  I)(>s(‘-r(‘s|)<»ns(‘  curves  of  testosterone  propionate  for  androffenie  and 
myotrophie  activity. 

in  Fifiure  S,  so  that  tlie  (‘liaracteristic  potency  of  the  compouiuls  on  tlie 
aiulroKenic  and  anabolic  activities  are  represented  by  each  of  the  vectors 
concerning  tlie  two  dimen.sions,  the  increase  ratio  of  ventral  prostate  and 
that  of  levator  ani  muscles.  The  figure  indicates  that  the  three  androgens, 
methyltestosterone,  methylandro.stenediol  and  ethynyltesto.sterone,  the 
potencies  of  which  follow  this  order,  are  qualitatively  more  androgenic  and 
less  anabolic  than  testosterone  propionate.  The  three  dihydrotest osterones 
and  norethisterone,  however,  are  (jualitatively  more  anabolic  and  less 


Anabolicity 

(Increase  Ratio  of  LAM) 


Fk;.  '.i,  Cliaraeteristie  potency  of  vari¬ 
ous  steroids  on  the  androgenic  and  ana¬ 
bolic  activity. 

TF  =  TestosteroiK'  i)ropionate 
K'i’  =  ICthynyl-testosterone 
AI.\D  =  .Metliyl-androstendiol 
^Fr  =  .Methyl-testosterone 
DMI)  =  2,1 7-l)iniethyl-dihydrotesto- 
sterone 

.M 1)  =  2-.MethyJ-dihydrotestosterone 
HMD  =  2-Hydroxy  methylene- 17- 

inethyl-dihydrotestosterone 
X I.  =  Xorethisteronef  1 7-ethvnyl- 
1 9-nort(“stosterone) 

‘  KX  =  Xorethynodrel(17-ethynvl- 
5(  1 0)-estraenolone) 
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aiulrogenic  than  te!>to.sterone  propionate,  and  the  order  of  tlieir  potencies 
is  2,17-dimetliy!-diliydrotestosterone>2-methyl-dihydrotestosterone>2- 
hydroxy  methylene-1 7-methyl-dihydrotestost  erone  =  noret  hist  erone.  In 

the  order  of  their  anabolic/ androgenic  ratios,  the  reverse  is  true.  The 
activities  of  progesterone  and  norethynodrel  seem  to  be  almost  negligible 
in  this  test. 

1.  Progestational  activity 

The  data  concerning  the  i)roge.stational  activities  of  19-norsteroids  and 
l)rogesterone  derivatives  in  the  subcutaneous  test  (pioted  from  the  previous 
paper  (9)  are  .summarized  in  Figure  4.  The  as.say  method  is  based  on  the 


I'lG.  4.  Profrc'stational  activity  of  vari¬ 
ous  steroids  on  tlic  ClaubcrK  rabbit  (from 
tlic  (lata  of  Miyake  and  Pinons,  19.5S). 

*  =  rnpnblislied  data. 


Dose  in  Log  scale 


measurement  of  endometrial  carbonic  anhydrase  titers  on  the  Clauberg 
rabbit  as  described  in  previous  papers  (9,  11).  The  order  of  potencies 
is  ()-methyl-17-acetoxyprogesterone  >  17-acetoxyprogesterone  >  17-1. 
methallyl-  or  17-2.methallyl-19-nortestosterone >progesterone >norethi- 
st erone  >  norethynodrel. 


DISCUSSION' 

Fair  reproducibility  of  castration  hypersecretion  of  pituitary  gonado¬ 
trophin  and  the  as.say  data  on  a  variety  of  steroids  confirm  the  adaptability 
of  the  parabiotic  mice  method  for  quantitative  stud}’  on  the  gonadotrophic 
secretion  of  the  anterior  pituitary. 

As  previously  reported  (6),  estrogen  is  much  more  active  than  androgen 
for  gonadotrophin  inhibition  in  either  male  or  female  pituitary,  and  com¬ 
plete  inhibition  of  gonadotrophin  hypersecretion  is  obtainable  by  a  non- 
uterotrophic  level  of  estrogen.  The  data  presented  in  this  paper  suggest 
that  peripheral  activity,  such  as  uterotrophic  potency,  of  the  various 
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ostr()}»;ens  seems  to  he  related  to  tlieir  anti-f^oiiadotrophic  potency. 

Androfieiiic  responses  indicated  l)y  the  increase  of  seminal  vesicles  and 
ventral  prostate  in  the  castrated  partner  are  always  accompanied  hy  an 
anti-Konadotrojihic  res])onse  as  represented  hy  ovarian  iidiihition  in  the 
intact  partner.  However,  the  reverse  is  not  true.  For  example,  methyl- 
testosterone,  methylandrostenediol  and  a  series  of  19-nortestosterones 
produce  complete  or  almost  complete  inhihition  of  ovarian  growth  at  a 
dosage  level  with  no  concomitant  androgenic  response.  Furthermore,  a 
weak  androgen,  methylandrostenediol,  which  has  approximatley  F  20  the 
activity  of  testosterone  (12),  exerts  more  potent  anti-gonadotrophic  activ¬ 
ity  than  that  of  testosterone  propionate.  These  results  agree  with  the 
findings  of  (ioldman  ct  al.  (1),  who  studied  the  pituitary-inhihiting,  anaho- 
lic  and  androgenic  effect  of  norethandrolone  in  parabiotic  rats  and  empha¬ 
sized  that  the  pituitary-suppressing  properties  are  not  due  to  any  andro¬ 
genic  potential  the  drug  may  have.  Lerner  el  al.  (3)  have  reported  that 
non-androgenic  dosages  of  ll)-nortestosterone-17-henzoate  can  inhihit  the 
production  or  release  of  pituitary  gonadotrophin  in  the  male  rats.  Most 
recently.  Kind  and  Dorfman  (5)  have  also  reported  that  anti-pituitary 
activity  of  certain  series  of  synthetic  androgens  appears  to  he  parallel  with 
the  myotrophic  activity  of  the  compounds  rather  than  with  their  andro¬ 
genic  activity. 

In  the  group  of  progesterone  and  its  derivatives,  anti-pituitary  activity 
of  the  compounds  is  proportional  to  their  progestational  activity  in  the 
suhcutaneous  assay,  hut  not  in  the  oral  test.  The  most  potent  of  the  pro¬ 
gestational  substances,  (i-metlu  l-lT-acetoxyprogesterone,  is  also  active  in 
suhcutaneous  assay  for  gonadotrophin  inhihition,  hut  in  the  oral  test  it 
does  not  produce  any  significant  gonadotrophin  suppression  in  dosages  up 
to  10  mg.  The  two  methallyl  compounds,  17a-l.methallyl-  and  17a- 
2.methallyl-19-nortestosterone,  both  of  which  are  more  potent  than  nor- 
ethisterone  or  norethynodrel  either  subcutaneously  or  orally  in  the  Clau- 
herg  assay  (9,  10),  surprisingly  do  not  show  any  superiority  in  the  suhcu¬ 
taneous  anti-gonadotrophin  test,  and  they  are  not  active  in  the  oral  test. 
On  the  contrary,  rather  weak  progestins  such  as  norethisterone  and 
norethynodrel  have  potent  anti-pituitary  activity,  the  oral  potency  of 
which  is  roughly  ecpiivalent  to  that  of  estrone.  Therefore,  gonadotrophin 
inhihition  by  progestational  steroids  cannot  he  the  result  of  their  progesta¬ 
tional  properties. 

As  suggested  by  the  results  of  our  experiments,  estrogenicity  is  most 
likely  responsible  for  anti-pituitary  activity,  hut  other  peripheral  activities 
of  a  compound  are  not  always  proportional  to  its  anti-gonadotrophic 
activity.  Madjerek  et  al.  (Id)  have  recently  reported  a  new  oral  progestin, 
allylestrenol  (d-deoxo-17a-allyl-19-nortestosterone),  which  is  practically 
devoid  of  androgenic,  estrogenic  and  gonad-  and  adrenal-inhibiting  proper- 
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ties.  On  the  l)asis  of  our  previous  data  (ti),  the  anti-sonadotrophie  potency 
of  estrone  is  approximately  10, ()()()  times  that  of  testosterone  propionate  in 
.subcutaneous  as.say  and  100  times  in  oral  as.say.  ddie  metabolic  conversion 
of  androgens  to  estrogens  has  been  firmly  established  in  viro  and  in  vitro  as 
reviewed  by  Dorfman  (12).  Brener  vt  ol.  (11)  and  h'mgel  ci  <il.  (lo)  have 
recently  demonstrated  that  the  excretion  of  estrogen  is  significantly 
increased  by  l9-nortestosterone,  and  ethynyl-nortesto.sterone  is  aromatized 
to  ethynyl-estradiol  in  the  body.  Kaiser  (1(5)  has  reported  the  increase  of 
urinary  aromatic  steroids,  especially  the  estrone  fraction,  by  the  admin¬ 
istration  of  ethyl-,  ethynyl-  or  methyl-lO-nortestosterone  into  women. 
According  to  the  data  of  Heller  ct  «/.  (17)  who  tested  with  the  human  adult 
males,  the  urinary  excretion  of  estrogen  is  increased  by  consecutive  treat¬ 
ment  with  norethisterone  or  norethynodrel  during  a  period  of  43  to  48 
days,  but  not  altered  l)y  progesterone  or  norethandrolone  similarly 
administered.  Progesterone  and  desoxycorticosterone,  both  of  which  pro¬ 
duce  slight  gonadotrophin  inhibition,  have  been  well  recognized  as  ver- 
.•<atile  intermediates  in  the  biosynthesis  of  steroid  hormones  such  as 
corticoids,  androgens  and  estrogens. 

These  facts  suggest  a  po.ssible  explanation  for  the  manifestation  of  anti- 
gonadotrophic  effects  by  various  steroids:  that  the  major  part  of  androgens, 
progestins  or  19-norsteroids  may  act  by  themselves  (or  through  metabo¬ 
lites)  as  biologically  active  substances  to  produce  their  typical  peripheral 
effects,  and  that  a  part  of  those  compounds  may  be  converted  into  estro¬ 
genic  substance,  the  amount  of  which  is  able  to  inhibit  gonadotrophic 
secretion  but  is  not  sufficient  to  affect  peripheral  targets,  so  that  the 
conversion  rates  determine  their  anti-gonadotrophic  potency. 
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THE  USE  OF  PARABIOTIC'  MICE  FOR  THE  STUDY  OF 
PITUITARY  GONADOTROPHIN  HYPERSEC'RETION 
AND  ITS  INHIBITION  BY  STEROIDS^ 


TAMOTSU  MIYAKE 

witli  the  teeliiiical  assistance  of  k.  horibe,  e.  itoga,  y.  xomuua, 

H.  KAKUSHI,  K.  ODAGUCHI  AXI)  M.  KADOWAKI 
Division  of  Endocrinologij,  Shionogi  Research  Laboratonj,  Osaka,  Japan 

ABSTRACT 

Cominirative  ohsorvations  on  a  total  of  551  pairs  of  parabiotic  rats  and  over 
loot)  |)airs  of  parabiotic  mice  suggest  tlie  usefulness  of  parabiotic  mice  for  the 
study  of  gonadotrophin  hypersecretion  and  its  regulation  by  certain  steroids. 

The  advantage  of  the  use  of  parabiotic  mice  for  this  study  resides  in  the  rela¬ 
tive  ease  and  speed  of  parabiotic  operation,  no  need  of  littermates  as  long  as 
inbred  mice  are  used  and  low  mortality  of  parabionts. 

The  pituitary-gonad  relations  observed  in  parabiotic  mice  are  (piite  similar 
to  those'  in  i)arabiotic  rats.  Namely,  the  gonadotrophic  jjotency  of  the  male 
pituitary  is  larger  than  that  of  the  female  either  in  the  normal  or  in  the  cas¬ 
trated  condition,  and  greater  amount  of  .se.xagen  is  required  to  inhibit  gonado¬ 
trophin  hypersecretion  of  the  male  i)ituitary.  Pistradiol  is  more  |)otent  than 
testosterone  propionate  in  its  anti-gonadotroi)hic  activity.  .V  lesser  amount  of 
steroid  can  regulate  the  secretion  of  pituitary  gonadotroi)hin  than  that  which 
stimulates  the  peripheral  targets,  especially  in  the  female  mice. 

IT  IS  a  well  known  fact  that  the  parabiosis  method  has  contributed  much 
to  the  establishment  of  pituitary-gonad  relationships;  thus,  in  para¬ 
bionts  gonadotrophin  hypersecretion  induced  by  gonadectomy  may  be 
regulated  by  the  administration  of  gonadal  hormones.  Most  of  the  experi¬ 
ments  on  this  problem  have  been  carried  out  using  parabiotic  rats,  but 
little  has  been  reported  on  the  use  of  parabiotic  mice. 

The  work  described  here  represents  a  comparison  between  parabiotic  rats 
and  mice  of  the  gonadal  hypertrophy  of  the  intact  female  united  Avith  a 
castrated  male  or  female  and  on  its  inhibition  by  two  sexagens,  estradiol- 
17|8  and  testosterone  propionate. 


METHODS 

Our  inbred  colonies  of  albino  rats  (80-100  gm.,  Wistar  strain)  and  albino  mice  (15- 
17  gm.,  ddS  strain)  were  used.  Non-littermates  were  put  into  j)arabi()sis  by  a  modifica¬ 
tion  of  the  Bunster  and  Meyer  (1)  method,  in  which  metal  wound  clips  were  u.sed  in¬ 
stead  of  silk  sutures  in  closing  the  skin  incision.  I ntra peritoneal  injection  of  methyl- 
he.xabarbital  sodium,  12.5  mg.  per  100  gm.  for  rats  and  1.6  mg.  per  10  gm.  for  mice,  was 

Receded  January  5,  1961. 

'  The  outline  of  this  paper  was  read  at  The  First  International  Congress  of  I'.n- 
docrinology,  Copenhagen,  Denmark,  July,  1960. 
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carried  <»ut  for  aiiestlietiziiifi  animals  before  and  during;  the  operation.  Castration  was 
perforinecl  on  tlie  rifjlit-han<led  partner  at  the  time  of  parabiotic  union. 

S(‘\  stert)ids  wi-re  administered  snbcntaneonsly  into  tlie  castrat<‘d  partner  once  daily 
for  1((  days  starting;  on  the  <lay  of  i)arabiotic  operation.  Hormones  administered  into  tin' 
rats  weri'  dissolved  in  sc'same  oil  and  injected  in  a  volume  of  0.1  ml.  per  day.  The  com¬ 
pounds  inject<'d  into  tin*  mii'c,  however,  were  homogenized  with  the  snspendiiiK  Vi'hicle. 
which  consists  of  an  acpieons  solution  of  sodium  chloride  (0.9%),  judysorbate  SO  (0.4%), 
earboxy  methyl  cellulose  (0..a%)  and  benzyl  alcolu)!  (0.9%),  because  the  daily  injections 
of  sesame  oil  0.1  ml.  per  day  resulted  in  i)oor  absorption  ami  in  retardation  of  wound 
healinn  in  the  mice,  .\nimals  wen*  antoi)sied  on  the  1 1th  day  of  parabiosis. 

RESULTS 

(ioiKidal  hypcrtrophj/  (hie  to  castration  of  a  partner  in  parabiotic  rats 
and  mice 

Intact  female  rats  or  mice  were  put  into  parabiosis  with  an  intact  or 
castrated  partner  to  demonstrate  the  {jonadotrophin  liypersecretion  caii.sed 


TaHI.K  I.  CioNADAI.  WKMillTS  OF  I.VTACT  FE.MAI.KS  10  DAYS  AFTEK  I’AKABIOSIS 


Siiecies 

Parabiosi.s  with 

Ovarian  weight 

Uterine  weight 

Rat 

intact  male 

4:t..')±.5.8* 

89.7  +  17.7* 

castrated  male 

124.4  +8.4 

2:18.0  +24.. 5 

intact  female 

;i.5.0  +  1  .9 

.i9.:i+  5.0 

castrated  female 

89.0  ±9.0 

172.9125.8 

Monso 

intact  male 

iTt.O+a.S*  - 

151  .4+28.2* 

castrated  male 

l.'i:5.7±8.2 

.5.5()  .0  +54.9 

intact  female 

41  .7  ±2.5 

99.7+  0.5 

castrated  female 

97  .a  +  .T  . 0 

4:i2.:i±41.4 

*  Mean±S.K.  (nift-  per  100  gin.  body  weight  i. 


l)y  gonadectomy,  which  resulted  in  the  gonadal  hypertrophy  of  the  intact 
female  partner. 

Table  1  shows  the  data  on  the  mean  ovarian  and  uterine  weight  of  each 
group  10  days  after  parabiosis,  reflecting  the  gonadotrophic  activity  of  the 
partner’s  pituitary.  The  pituitary  gonadotrophin  hypersecretion  cau.sed  by 
gonadectomy  is  clearly  indicated  by  the.se  data.  The  greater  gonadotrophic 
potency  of  the  male  pituitary  is  obvious  in  mouse  parabionts  as  well  as  in 
rat  parabionts.  The  increased  ratios  of  ovarian  to  body  weights  in  para¬ 
biotic  mice  are  about  the  same  as  tho.se  in  parabiotic  rats. 

Tables  2  and  3  show  the  relationship  between  the  gonadal  weight  changes 
and  the  duration  of  parabiosis.  In  the  castrate<l  male-female  parabionts  of 
mice  (Table  2),  atrophy  of  the  male  acce.ssory  glands  of  the  castrated 
partner  and  hypertrophy  of  the  female  gonads  of  inta(‘t  partner  progress 
according  to  the  period  after  parabio.sis,  and  reach  a  maximum  10  days 
after  the  operation.  In  the  castrated  female-female  parabionts  (Table  3), 
however,  the  gonadal  hypertrophy  in  the  intact  partner  does  not  attain  a 
peak  within  a  period  of  lo  days,  aiid  the  uterine  weight  of  castrated  partner 
progressively  decrea.ses  for  the  first  10  days  and  then  reverses  to  exceed  the 
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Table  2. 

Castrated  .male-fe.male 

PARABIONTS  OF  MICE 

Days  after 
parabiosis 

No.  of 
pairs 

C’ast  rated 

Seminal 

vesicles 

male 

Ventral 

prostate 

Intact  female 

Ovaries  Uterus 

0 

15 

105  ±14* 

21  +2* 

08+  3* 

285+33* 

4 

10 

71  ±  :i 

10  ±1 

02  +  7 

105  +  18 

0 

10 

1)8  ±  7 

13  ±2 

90  +  10 

235+38 

8 

10 

50  ±  .5 

9  +  1 

i:i4  +  12 

385  +50 

10 

25 

49+  4 

()±1 

157+  8 

550  +  55 

15 

10 

47  ±  :i 

8  +  1 

1.54  +  18 

005  ±  80 

Intact  male 

Intact  female 

10 

25 

1:18  +  12 

21  ±2 

53  ±  4 

151  ±28 

*  Mean±S.E.  (mg.  per  100  gm.  body  weight). 


non-cast  rated  lev'el.  This  suggests  that  tlie  excessive  amount  of  estrogen 
produced  by  the  stimulated  ovaries  of  the  intact  partner  recirculates  into 
the  castrated  partner  and  reaches  a  concentration  sufficient  to  produce 
uterine  stimulation. 

The  inhibitory  effect  of  steroids  on  gonadotrophin  hypersecretion  in  para¬ 
biotic  rats  and  mice 

The  gonadotrophin  inhibiting  effects  of  e.stradiol-17/3  and  testosterone 
propionate  were  investigated  in  terms  of  dose-response  curves  for  ovarian 
weights  of  both  parabiotic  rats  and  mice.  Hormones  were  administered 
subcutaneously  once  daily  for  10  days  starting  on  the  day  of  parabiosis 
into  the  castrated  partner.  The  results  are  presented  in  Tables  4,  5,  G  and  7. 

The  data  on  both  parabiotic  rats  and  mice  indicate  that  estradiol  is  much 
more  potent  in  gonadotrophin  inhibition  than  testosterone  propionate  for 
either  the  male  or  female  pituitary,  and  the  female  pituitary  is  more  sensi¬ 
tive  than  the  male  pituitary  to  both  sexagens,  estradiol  and  testosterone 
propionate.  The  activities  of  both  sexagens  stimulating  the  peripheral 
targets  are  indicated  by  the  uterus  or  ventral  prostate  weight  of  the  cas¬ 
trated  partner.  The  data  indicate  that  the  hypophysis  is  more  sensitive 


T.\BI.E  :1.  C.\»TRATEI)  FEMAI.E-FEM.AEE  PARABIONT.S  OF  .MICE 


Days  after 

Xo.  of 

Castrated  female 

I 

ntact  female 

parabiosis 

pairs 

Uterus 

Ovaries 

Uterus 

0 

15 

09+  8' 

'  285 +.33* 

4 

10 

107  ±10* 

55+  3 

146  +  14 

() 

10 

98  ±  7  . 

69+  0 

190+37 

8 

10 

82  ±  5 

96  +  11 

:i33+52 

10 

25 

89+  3 

97+6 

432+41 

15 

10 

121  ±14 

141  ±14 

547  ±58 

Intact  female 

Intact  female 

10 

25 

Ovaries  Uterus 

47  ±2  102  ±8 

42  ±3 

100  ±7 

*  Mean  ±S.P).  (mg.  per  100  gm.  body  weight). 
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Tabi.k  1. 

(  io.NADoTKol'lll  X  IMIIBITI.XC  ACTIVITY  OK 

KSTRADIOI,  IN  PARABIOTIC  RATS 

A.  ('astrat(‘<l 

Male- Female 

'I'otal 

.No.  of 

( 'ast  rated 

Intact 

(mK) 

pairs 

Seminal  Ventral 

( (varies 

Uterus 

vesicles  jirostate 

0 

10 

24+2*  11+1* 

i:)2  ±  13* 

247  ± 18* 

0.(125 

10 

24  ±d  10  ±1 

119+  7 

207  ±21 

0.05 

10 

25+:)  10  +  1 

i:)o±  8 

220  +  18 

0.1 

10 

19  ±2  8  +  1 

102+  8 

101  +10 

0.2 

10 

30  +  1  13  +  1 

92+  9 

199  +30 

0.4 

10 

10  ±1  10  ±1 

85  +  14 

181  ±20 

H.  ('astrat(‘(l  Fomalc-Ff'inah' 

Total  (lose  No.  of 

Castrated 

Intact 

pairs 

I'teriis 

( (varies 

Uterus 

0 

10 

83+  7* 

104+  4* 

225  +  10* 

0.005 

10 

09+  0 

108+  8 

184  ±21 

0.01 

10 

58  ±  5 

98  +  11 

180  +  18 

0.025 

10 

70  ±  10 

08  ±  9 

145+  7 

0.05 

10 

08  +  5 

54  +  0 

101  +17 

0.1 

10 

80  +  0 

48+4 

111  ±13 

0.4 

10 

1  10  +  1  1 

:)9+  5 

85  +  1 7 

0.8 

10 

209  ±  17 

49 -t-  0 

88+12 

*  Mean±S.^I';.  (intJ.  per  100  gin.  liody  weight). 

T.abi.k  5, 

,  CiOXADOTROIMlIN  IMIIBITI.NC.  ACTIVITY  OF 

TKSTOSTKHONE  PROPIONATE  IN 

PARABIOTIC  RATS 

.\.  Castrated 

M  a  1(‘- Female 

Total  dose 

No.  of  - 

Castrated 

Intact 

(Mg) 

jiairs 

Si'ininal  Ventral 

( (varies 

lAcriis 

vesicles  jirostate 

0 

10 

24  ±2*  11  ±1* 

i:)2±13* 

247  ±18* 

25 

10 

21+7  11+1 

i:)9  +  13 

199  +  17 

50 

10 

21  ±2  15  ±  1 

94  +  1 1 

170+27 

100 

10 

43+0  25+3 

50  +  10 

89  ±18 

200 

10 

91  ±8  48+0 

44+7 

73  ±13 

H.  Castrated  Feinalo-Female 


Total  dose 
(mK) 

No.  of 
pairs 

('ast  rated 

Intact 

Uterus 

Ovaries 

Uterus 

0 

10 

83+  7* 

104+  4* 

225  +  10* 

0.25 

20 

09+  7 

100+  4 

2:)0+21 

0.5 

20 

08  +  17 

105  +  17 

187  +  13 

1 

10 

03+  0 

108+  8'  . 

107  +  10 

2.5 

10 

84  +  0 

05+  9 

145  ±28 

0 . 25 

1 1 

til  ±  0 

42+  0 

70  ±  9 

'  Mean  ±S.K 

.  (mg.  per  100  gm  body  weight). 
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Table  G.  (ionadutkdimiin  inhibitinc  activity  oh'  estkadiol  in  bauabiotic  mice 
A.  ('astratwl  Male-female 


\o  of 

astrated 

Intact 

(mK) 

l>airs 

Seminal 

vesicles 

VcMitral 

prostate 

<  Ivaries 

Uterus 

0 

10 

48  4- 

7' 

‘  8±1* 

145  +  Hi* 

558+ 2a* 

0.01 

12 

47  + 

2 

7  +  1 

150  +  14 

575  +  50 

0.02 

10 

50  4- 

4 

7  ±1 

155  4-  18 

540  +  4G 

0.04 

10 

G2  4- 

5 

114-1 

117  +  12 

a74  +  42 

0.08 

10 

47  i 

4 

«4-:i 

104  +  la 

aol  +40 

0  .  Hi 

10 

70  ±  1 1 

114-1 

GO  +  G 

101  +ai 

0.4 

10 

OG  ± 

0 

12  4-1 

70+  4 

2G0  ±  50 

H.  ('astnitcd  FiMnal(“-l''cm:ili‘ 

Total  dose 

No.  of 

Castrated 

Intact 

(mK) 

l)airs 

Uterus 

( ) varies 

Uterus 

0 

10 

7G  +  10* 

111+ 10* 

410  +5a* 

0.00001 

10 

()7  4-  a 

100+  8 

a82  +G4 

0.000025 

10 

70  4-  8 

04+  7 

440  +57 

0 .00005 

10 

80  ±  G 

G1  +  G 

225  +  40 

0.000125 

10 

oa  ±  10 

50+  G 

ia5+2G 

0.00025 

10 

07  4^  4 

7a  +  0 

2aa  +  55 

0.0005 

10 

oa  ±  7 

G5  +  (i 

140  +  la 

0.00125 

10 

08  -H  10 

G0+  G 

1 70  +  45 

0.0025 

10 

107  4-  8 

54+  4 

IGl  +44 

0.005 

10 

02+  G 

47+  a 

127  +2G 

0.01 

10 

88+  G 

G1  +  8 

1 10+a2 

0.02 

10 

120+  G 

48+  2 

77+7 

0.04 

10 

laa  + 10 

50  +  a 

88+  5 

0.08 

10 

177  +  15 

51  +  2 

87+8 

O.IG 

10 

a47  +40 

52+  4 

102+  0 

0.4 

10 

lao  +  2a 

55  +  5 

llG  +  10 

0.8 

10 

440  +  15 

5a  ±  5 

115  +  10 

*  Mean±S.K.  (mg.  per  100  gm.  body  weight). 


than  periplieral  tarjjets  to  sex  steroids,  especially  in  the  female. 

These  relations  observed  are  (piite  similar  in  parabiotic  rats  and  mice  as 
shown  in  the  diagram  of  Figure  1. 

DISCUSSION 

(lonadectomy  induces  gonadotrophic  hypersecretion  in  rats  and  this 
hypersecretion  can  be  regulated  by  administration  of  gonadal  hormone, 
(2).  Various  facts  demonstrated  in  the  rats,  such  as  the  greater  gonado¬ 
trophic  potency  of  the  male  hypophysis  than  the  female  (8),  the  larger 
do.'^e  of  sexagens  reiiuired  to  inhibit  the  male  pituitary  than  the  female 
(4,  o)  and  the  higher  sensitivity  of  pituitary  to  sexagens  than  that  of 
gonads  (.5),  are  also  shown  in  our  studies  of  parabiotic  mice. 

The  only  di.sadvantage  of  the  parabiotic  mice  method  is  that  mice  are 
too  small  to  stand  the  multiple  injections  of  oil  used  as  a  hormone  vehicle. 
•Vccordingly,  the  compounds  should  be  administered  in  suspension  to  the 
mouse  parabionts,  but  the  sensitivity  in  the  mou.se  test  is  not  inferior  to 
that  of  the  rat  test  in  which  oil  may  be  used  as  a  vehicle. 
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Table  7.  Coxadotrophix  ixhibitixg  activity  ok  testosterone  propionate  in 

PARABIOTIC  MICE 


Castrated  Male-Female 


Total  dose  No.  of 


(Mg) 

pairs 

Seminal 

vesicles 

Ventral 

jirostate 

Ovaries 

Uterus 

0 

10 

48+  7* 

8  +  1* 

145  ±16* 

558+23* 

25 

20 

65  +  6 

10  +  1 

120+  7 

.524  ±47 

50 

10 

()7  +  7 

17  +2 

107  +  11 

414+73 

100 

20 

87  +  10 

18  +  1 

85  ±  6 

279  ±.32 

200 

20 

125+  5 

20  + 1 

77  ±  6 

242  ±38 

400 

20 

220  ±17 

28  +  2 

.50  ±  5 

130  ±12 

H.  Castrated  Female-Female 

Total  dose 

No.  of 

Castrated 

Intact 

(Mg) 

pairs 

rterus 

Ovaries 

Uterus 

0 

10 

76  + 10* 

111  ±10* 

410+53* 

0.1 

10 

00  + 

6 

113±  5 

388+30 

0.2 

10 

83  ± 

5 

80  ±  5 

.503  ±22 

0.4 

10 

88  ± 

6 

75  ±  7 

368  ±  73 

0.625 

20 

100  ± 

4 

63  ±  5 

161  ±24 

1  .25 

10 

111  + 

8 

53  ±  3 

160  ±34 

2.5 

10 

110  ±11 

.54  ±  3 

117+23 

5.0 

10 

80  ± 

6 

44+  6 

06  ±  10 

*  Mean  +S.K.  (niK.  per  100  gin.  body  weight). 


-5  -4  -3  -2  -I  0  +1  +2 

Log  Dose  of  Sexagen  ( pg) 


Fig.  1.  Comparison  of  pituitary-gonad  relations  between  parabiotic  rats  and  iniee. 
C'lear  area:  do.sagi*  range  of  sexagen  for  inliibiting  gonadotrophic  hypersecretion. 
Shadowed  area:  dosage  range  of  sexagen  for  stiniiilating  perijiheral  targets, 

I*':  ('strailiol-l 7/d.  '1':  testosterone  jiropionate. 
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'I’abi.k  H.  Moktai.ity  of  farabiotic  mick 


1  late  of  experiments 

No.  of  pairs 

No.  of  dead 

Mortality  (%) 

.April, 

Sept.-XovE 

19.59 

198 

8 

4 

,  19.59 

580 

70 

12 

.Ian. -Mar., 

1900 

2.52 

28 

1 1 

Total 

io:to 

100 

10 

Hisli  mortality  of  parabiotic  rats  has  been  pointed  out  by  Finerty  and 
Fanos  (b)  who  reported  tliat  mortality  of  rats  from  parabiosis  intoxication 
was  ()4%  in  non-littermates  and  in  littermate  pairs.  Our  experience 
with  rat  parabiosis  a^i'ced  with  theirs,  althoufiih  our  mortality  rate  seemed 
to  be  smaller  than  theirs.  In  regard  to  mouse  parabiosis,  however,  ex¬ 
tremely  low  mortality  (approx.  10%)  has  been  obtained  even  in  non- 
littermate  pairs  (Table  S). 

.About  17%  of  control  pairs  of  intact-castrated  i)arabiotic  mice  failed  to 
show  any  gonadal  stimulation,  as  shown  in  Table  0.  This  figure  is  slightly 


TaBI.K  a.  l’ER<K.NTAfiE  KAII.I  RE  OF  (iON  AUOTROI’HK  II Y  1>ERSE(  RETION  IN  CASTRATED 
MAI.E-FEMAI.E  PARABIOTIC  MICE 


Date  of  experiment 

X<».  ilf  control 
l):iirs 

Pairs  failed  to 
respoml* 

Failun* 

(%) 

.April,  1959 

30 

5 

17 

.S(‘pt.-Nov.,  1959 

29 

2 

7 

.lan.-Mar.,  1900 

1  10 

2T 

18 

Total 

175 

30 

17 

*  Xumber  of  pairs  wliicli  failed  to  sliow  any  gonadal  stimulation  in  the  intact  partner. 


larger  than  that  (11  to  1>1%)  reported  by  Hertz  and  Meyer  (4)  or  by 
Hiddulph  et  ol.  (7)  on  littermate  rats. 

hdimination  of  the  nece.ssity  for  the  use  of  littermates  and  the  low 
mortality  of  parabionts  offer  great  advantages  in  the  use  of  parabiotic  mice 
for  the  study  of  pituitary-gonad  relations,  and  therefore  for  the  assay  of 
anti-gonadotrophic  activity  of  various  steroids. 
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STUDIES  OX  THE  SERIAL  EXTRACTION 
OF  PITUITARY  PROTEINS' 

STANLEY  ELLIS2’ 

ICmonj  rnivcrsitj/.  Department  of  liioehemistnj,  Atlanta,  (ieorgia 
AHSTHA('T 

Pituitary  glands  of  hoof,  shoop  and  pig  origin  woro  suooossivoly  oxtraotod 
with  wator  at  pH  5.5,  M  10  (XH4)2804  at  pH  4.0,  M/4  (NH4)2S()4  at  oithor 
pH  5.5  or  7.5,  and  finally  with  00  poroont  othanol  at  pH  9.8  to  10.  Tho  oxtraots 
woro  hioassayod  for  tho  antorior  i)ituitary  hornionos  and  for  tho  protoinasos  I 
and  II.  With  oortain  oxooptions,  tho  Orst  extract  contained  mainly  FSH  and 
proteinase  1;  tho  second,  LH  and  TSH,  tho  third,  (rH  and  proteinase  II;  and 
tho  fourth,  prolactin.  FSH  and  (HI  woro  further  purified  to  ostahlish  tho  ainou- 
ahility  of  those  extracts  to  fractionation.  (Irowth  hormone  isolated  from  hoof 
l)ituitary  extracts  prepared  at  pH  5.5  appears  to  ho  a  mixture  of  two  biologically 
activ(‘  i)rotoins:  one  with  alanyl  and  phonylalanyl  XHrtorminal  groups  and 
another  with  methionyl  and  alanyl  XH2-terminal  groups.  Small  amounts  of 
XH2-terminal  serine  and  glutamic  acid  were  also  present.  Hy  varying  the  con- 
•litions  of  extraction  appropriately,  the  amounts  of  the  two  types  of  hormones 
could  he,  varied  inversely.  On  prolonged  extraction  at  pH  5.5  and  20°,  the 
growth  hormone  with  XH2-t(‘rminal  methionine  had  almost  completely  re¬ 
placed  that  with  XH2-terminal  phenylalanine.  It  is  concluded  that  methionyl 
growth  hormone  is  an  artifact  of  the  isolation  jjrocedure  and  is  derived  from 
the  phenylalanyl  hormone  hy  the  hydrolj'tic  action  of  previously  undescrihed 
proteinas(‘s,  optimally  active  at  i)H  5  to  6.5.  On  the  basis  of  sedimentation, 
XH2-terminal,  and  methionine  analyses,  the  methioinl  growth  hormone 
do(‘s  not  differ  significantly  in  molecular  weight  from  conventional  growth 
hormone.  Furthermore,  it  is  inferred  that  of  the  seven  bonds  in  the  hor¬ 
mone  containing  methionine  only  the  one  nearest  the  XH2-terminus  in  the 
phenylalanyl  chain  is  cleaved.  Two  new  proteolytic  enzymes  were  found  in 
the  pituitary.  One  hydrolyzes  the  Scr-Met-  bond  in  Ser-Met-Glu  (XH2)  and 
( '  1 1  at '( )  •  Ser  •  Ty  r  •  Ser  •  Met  •  ( 11  u  ( X'  H2)  and  has  a  hydrolytic  optimum 
at  pH  4.5  to  5.  The  other  readily  hydrolyzes  the  -Met-Glu  (XH2)  bond  in  the 
trip(‘ptide  hut  has  relatively  little  action  on  the  pentapeptide.  Its  optimum  is 
at  1)11  6  to  7.0.  Sheep  extracts  yield  growth  hormone  having  the  usual  i)henyl- 
alanyl  and  alanyl  XH2-terminal  groups.  Since  sheep  extracts  obtained  at  pH 
5.5  also  contain  i)roteinases  capable  of  hjalrolyzing  methionyl  peptides,  the 
ahs(*nce  of  a  nu'thionyl  X’H2-t<'rminal  group  in  the  isolated  sheep  growth 
hormoiK'  is  intmpreted  to  mean  that  peptide  bonds  susceptible  to  the  pro- 

Ileceived  .lanuary  6,  1961. 

'  Supported  by  FSPHS  Grants  .V-lSKi  and  A-1275.  These  studies  were  performed  to 
facilitate  the  i)rei)aration  of  anterior  pituitary  hormones  for  the  Endocrinology  Study 
Section  of  the  X’ational  Institutes  of  Health. 

-  Fart  of  this  inve.stigation  was  i)erformed  during  tenure  of  Senior  Re.search  Fellow¬ 
ship  (SF-175)  from  the  F.  S.  Public  Health  Service. 
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tciiiast's  art'  altscnt  or  inacci‘ssil>l('.  Hovinc  f>ro\\  tli  liornioiio  isolated  from  .\I  4 
(NH4)2S()4  extracts  jjrcparcd  at  i)H  o.o  was  cliaractcrizcd  In-  a  hifilicr  electro¬ 
phoretic  mobility  than  that  isolated  from  alkaline  extracts.  Treatment  with 
mildly  alkalim*  solutions  produced  a  partial  conversion  to  a  slower  electro¬ 
phoretic  comixment  whose  mobility  ai)proximated  that  of  growth  hormone 
j)repar(‘d  from  alkaline  extracts. 

IX  a  previous  investigation  ( 1)  a  scheme  was  described  for  tlie  st'paration- 
and  partial  purification  of  the  following  hormont's  and  enzymes  from 
slu'ep  pituitary  glands:  follicle-stimulating  hormone,  lutt'inizing  hormoiu*, 
thyrotropic  hormone,  growth  hormont'^  and  the  prott'inases  I  and  II  (2). 
Since  the  method  of  extraction  was  not  selective,  all  of  the.se  proteins  w(‘r(‘ 
obtained  together  in  a  single  extract  from  which  the  different  hormones  and 
enzymes  were  sub.scuiuently  separated  from  one  anotluM’  by  salt  or  ethanol 
fractionation  and  by  chromatography. 

In  the  pre.sent  investigations,  attention  has  been  devoted  toward  separat¬ 
ing  the  above  proteins  during  the  initial  extraction  of  pituitary  glands  by 
varying  the  conditions  of  pH  and  ionic  strength.  This  report  d(‘scribes  the 
distribution  of  hormones  and  (*nzymes  in  extracts  obtained  by  successively 
treating  pituitaries  of  beef,  sheep,  and  pig  origin  with  the  following  .sol¬ 
vents:  distilled  water  at  pH  o.o,  M  10  (XH4)2S()4  at  pH  4.0  and  M  4 
(XH4)2S()4  at  pH  0.0  or  7'.o.  (Jrowth  hormone  isolatc'd  from  beef  and  sheep 
extracts  obtained  with  the  latter  .solvent  .sy.stem  was  .studied  with  respect  to 
electrophoretic  prop(>rties  and  XH2-terminal  groups.  The  beef  growth  hor¬ 
mone  was  found  to  contain  methionine  as  one  of  the  Nib-terminal  groups 
in  addition  to  phenylalanine  and  alanine  as  reported  by  Li  and  Ash  (4)  for 
growth  hormone  isolat(*d  from  alkaline  extracts.  The  latt('r  portion  of  this 
report  is  conceriu'd  with  hendofore  undescribed  protcunases,  optimally 
active  at  pH  5.0  to  0.5,  which  appear  to  be  responsible  for  the  formation  of 
beef  growth  hormone  containing  NH2-terminal  methionine. 

METHODS 

.\11  extractions  ami  fractionations  were  ijcwformed  at  o°.  With  the  exception  of  l.H, 
bioassay  for  hormone  ami  proteinase  activities  was  iierformefl  by  the  methods  described 
in  a  previous  publication  (1).  LH  was  assayed  by  the  ovarian  hyperemia  method  (4) 
wherein  the  degree  of  hyperemia  of  the  ovaries  is  quantitatively  estimated  from  their 
content  of  i)reviouslv  injected  radio-iodinated  .serum  albumin.  Occasionally,  the  ventral 
prostate  method  of  Greep  et  al.  (o),  with  hypophysectomized  rats  of  the  Sprague-Dawley 
strain,  was  used  to  confirm  the  results  of  hyi)eremia  method.  In  all  assays  potencies 
were  estimated  from  log  dose-response  curves  obtained  from  a  series  of  graded  doses  of 
l)oth  the  test  and  the  standard  i)reparation.  The  standards  against  which  i)otencies  of 
the  fractions  were  measured  were  .\rmour  LH  #227-80  (1  unit  per  mg.),  .\rmour  FSII 
#264-151-X  (1  unit  per  mg.),  I'.S.P.  beef  growth  hormone  (1  unit  per  mg.),  U.S.P. 
thyrotropin  reference  standard,  and  X.l.H.  prolactin*  (l.o  i.u.  units  per  mg.).  Prolactin 
potency  was  measured  by  the  crop  sac  weight  method  (6). 

*  .\bbreviated  as  FSH,  LH,  TSH,  and  GH,  respectively. 

*  Gift  of  the  Endocrinology  Study  Section,  National  Institutes  of  Health. 


I'AAAti 


Voluitic  HU 


I’ROC'EDUKES  AXl)  RESULTS 

Extraction  with  Water  at  /)//  n.n:  Frozen  wliolo  pituitaries  of  oitluM'  Ix'pf, 
sheep  or  pifj  origin  were  warnKal  to  aliout  — o°  at  whieli  temperature  they 
eould  1)(‘  convenic'utly  ground  in  an  ('h'ctrieally  powenal  meat  griiuU'r.  Tin* 
{?lands  w(*r('  pass(>d  one(‘  throufjh  tlu'  {Jirinder  <‘(piipp(*d  witli  a  plate  liaviiifi 
\  inch  hol(*s  and  then  twice  throufjh  a  plate  with  1  Iti  inch  holes.  This  pro- 
c(*dure  which  was  perfornual  in  a  0°  cold  room  assunal  fine  grinding  and 
facilitated  (‘fficient  (*xtraction.  The  glands  w(‘r(‘  tlum  thoroughly  mixed 
with  o  liters  of  distilled  wat(“r  p(‘r  kg.  of  glands  and  adjusted  to  pll  0.0  with 


2  M  HCl. 

Tlu*  suspension  was  th(*n  (*xtract(*d 

Stirn‘<l  iit  pH  h.n  for  2  hour.«.  Cciitrifiive. 

accoi'ding  to  the  following 

Kxtraet  X:  Rc'd,  < 

Ri‘.>ii(lu*‘  .su.xpoiKlt'd  in  L.  M/IO 
(NHil-jSeL,  stirred  at  i>H  4.0  for 

2  hours.  Centrifuge. 

I'.xtraet  H:  Rink, 

Residin'  suspended  in  .5  L.  M/4 

(NH4)2,  stirred  at  pH  H.o  or  7. .5 

for  2  hours.  Centrifuge. 

Rfsidwe  suspended  in  o  L.  70' i 
ctliitnol,  stir  2  hotirs  at  pH  !).8- 
10.0  ainl  process  accordinn  to 
method  of  Hates  and  Riddle  (7). 


t'.xtract  (':  Tan,  very  tnrhid. 


Th(*  yields  of  tin*  dialyztal  and  lyophilizt'd  extracts,  spt'cific  and  total 
activitit's  ohtaint'd  from  the  pituitaries  of  <*ach  spt'cies  is  summarized  in 
Table  1.  From  this  data  it  can  ht*  .seen  that  het'f  extract  A  removt's  almost 
.')()%  of  the  solul)l(‘,  but  hormonally  inert,  protein  so  that  the  .succet'ding  ex¬ 
tracts  are  considerably  enriclu'd  in  TSH,  LH,  and  (IH.  Thus,  TSH  and  LIl 
in  b(‘ef  (‘xtract  B  art*  4  to  ')  times  more  concentrated  than  in  alkalint*  (‘xtracts 
(S-12)  and  the  (IH  in  extract  C  is  about  20%  of  the  potency  of  highly  puri- 
fi(*d  growth  hormone.  Sheep  extract  A  contains  nearly  90%  of  the  glandular 
FSH  and  henct*  would  appear  to  be  a  .suitabh*  starting  material  for  the  iso¬ 
lation  of  FSH.  As  in  the  case  of  the  beef  hormone,  sheep  TSH  and  LH  are 
concentrat(*d  into  extract  B  and  GH  into  extract  C.  Pig  glands  yi(*ld  an  ex¬ 
tract  .\,  which  differs  from  corresponding  sh(*(*p  and  beef  extracts  in  that  it 
contains  not  only  the  major  portion  of  the  FSH  but  also  about  (50%  of  the 
glandular  LH.  Tlu*  LH  content  can  lu*  further  increa.sed  in  this  extract  at 
the  expense*  of  extract  B  by  re-su.spending  the  r(*sidue  in  |  tlu*  original  vol¬ 
ume  of  water,  and  re-extracting  at  pH  o.o  for  1  hr.  Tlu*  combiiu*d  solutions 
contain  90  and  7(5%  of  the  glandular  FSH  and  LH,  ie.sp(*ctively.  Only 
negligible  increa.ses  in  the  amount  of  other  hormones  is  incurred  by  the 
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ro-extraction.  As  with  sh(*(*p  and  Ix'of  (“xtrarts,  TSII  and  (111  arc  concen- 
trat(*d  into  extracts  li  and  (\  respect iv(‘ly. 

I'^acli  of  th(‘  beef  and  sIkm'J)  extracts  shown  in  Tal)h>  1  W(*re  assayed  for 
corticotropic  activity  in  hypopl»ysectoiniz(*d  rats  l)y  tlie  ascoil)ic  acid  de¬ 
pletion  test.  In  all  fractions  tla*  cont(“nt  of  corticotropin  ainonnt(*d  to  not 
more  than  a  few*  U.S.P.  inilliiinits  per  ing.  with  tin*  (‘xcc'ption  of  sh(*ep  (‘x- 
tract  H  which  had  an  activity  ecpiivalent  to  20  milliunits  pc'r  ing. 

In  assays  of  extracts  A,  H,  and  C  for  prolactin,  no  increase  in  crop  .sac 
weight  or  even  a  mucosal  stimulation  was  evident  as  10  mg.  total  doses.  .V 
little  prolactin  activity,  not  more  than  0.0  i.u.  per  mg.,  was  detected  in 
sheep  fraction  C-1.  In  view  of  the  po.ssihility  that  prolactin  may  have  be(>n 
de.stroyed  by  the  pituitary  prot(‘olytic  enzymes  during  the  extractions  be¬ 
tween  pll  4.0  and  7.0  at  .o°  C,  tin*  n'sidue  from  (‘xtract  C  was  utilized  for  ex¬ 
traction  of  prolactin  by  the  m(*thod  of  Hates  and  Piddle  (7).  Tlu'  yield  of 
protein  was  10.3  and  10.0  g.  from  sheep  and  be(d  re.sidues.  Th(‘  potency  of 
th(‘  sheep  and  beef  pr(‘parations  was  4  and  3  i.u.,  resp(‘ctiv(4y.  ll(*nc(‘  tlu* 
content  of  prolactin  in  the  n'sidues  was  calculated  to  be  2.0  and  1.1  g.  p(“r 
kg.  of  sheep  and  b(*(*f  glands,  re.spectiv(4y,  a.ssuming  pure  prolactin  to  con¬ 
tain  30  I.u.  per  mg. 

ExlmcUihiliiij  of  (ill  and  Proteinase  II :  Whereas  extract  A  and  B  from 
('ach  species  of  pituitary  were  transpanait  .solutions  after  centrifugation  for 
1  hour  at  10(10  2000 X^.,  extract  C  was  extremely  turbid  and  difficult  to 
decant  from  the  slimy  s(>diment.  The  refractory  bi'havior  of  the  pll  7.o, 
M/4  (XH4):!S()4  extract  with  ri'gard  to  clarification  by  cmitrifuging 
prompt(“d  an  investigation  of  oth(*r  possible  methods  of  extraction.  Aliiiuots 
of  the  residue*  obtaiiK'd  by  (‘xtraction  with  M/10  (XIl4)>S()4  at  pH  4.0  wen* 
extract(*d  with  the  solv(*nts  shown  in  Table  2.  Two  hundred  grams  of  resi¬ 
due,  eejuivalent  to  270  gm.  of  fresh  glands,  wen*  n*.susp(*nded  in  1  liter  of 
water  or  M/4  (XIl4):;S()4  and  extracted  ov(*rnight  at  the  pll  values  indi¬ 
cated.  The  suspensions  w(*re  adjust(*d  to  pH  3  and  4  with  2M  HCl  and  to 
pH  9.0  or  higher  with  a  10%  CaO  .slurry  or  octylamine.  After  centrifugation 
the*  supernatant  .solutions  w(*re  neutraliz(*d,  dialyzed  free  of  .salt  and  lyo- 
philiz(*d.  The  yield,  bioa.s.say  data  and  the  appearance  of  the  supernatant 
solutions  after  centrifugation  are  outlined  in  Table  2.  It  is  evident  that  the 
optimum  conditions  for  obtaining  maximal  yields  of  both  (HI  and  pro- 
teina.se  II  entail  extraction  with  M  4  (X 11 4)28(44  at  0.0  or  7.5.  Although 
nearly  cl{*ar  and  colorless  .supernatant  .solutions  and  compact  residues  wen* 
obtained  with  distilled  water  at  pH  3  and  4,  the  yields  of  (HI  and  pro- 
teina.se  II  wen*  negligibh*.  Very  satisfactory  clarification  of  the  extracts 
was  obtained  with  CaO  and  octylamine  at  pH  9;  however,  low  yields  of  the 
two  activities  were  encountered.  Hence,  extraction  at  pH  7.5  or  5.5  ap- 
p(*ar.s  to  be  the  most  efficient  procedure  despite  clarification  difficulties 
which,  however,  are  less  pronounced  at  pH  5.5  than  at  pH  7.5. 

Concentration  of  FSH  from  Sheep  Extract  A  :  Previous  studies  (1)  on  the 
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TaBI.K  2.  IvXTKAt'TABILITY  OF  (IH  AND  PKOTEINASK  II  FKOM  |)H  4.0, 
M/U)  (NH4)2S()4  residi  es 


('oiuUtions  of  extracts 

.\ppcarance 
of  extract 

Yield, 

nm./kt-:. 

glands 

(i 

I'liits/ 

mg. 

extract 

H 

gm./kg. 

glands 

PRO  11 

Units/  Units/ 
mg.  ex-  kg. 

tract  X  glands 

H.O,  pH  3.0 

('lear 

3.37 

0.03 

0.03 

0.3 

100 

Hot),  pU  4.tl 

('lear 

1 . 50 

0.03 

0.01 

0 

0 

M  /4  (XIl4)jSf)4,  |)H  5.5 

'i'urbiil 

1 .5 . 35 

0.4 

0.2 

2.4 

5,880 

M  4  (X}l4)-.S()4,  pH  7.5 

Verv  turbid 

20.0 

0.27 

8.0 

2.2 

10,400 

('a(()H)o,  i)H  0.0 

Clear 

8.07 

0.31 

2.5 

3.0 

3,880 

.\(picous  oct  via  mine,  ])H  0.0 

Clear 

4.04 

0.30 

1  .0 

0.2 

1 50 

ra(()H),,  i)H  10.0 

Verv  turbid 

8.. 50 

0.10 

1  .4 

I  .0 

2,200 

Ca(()H);,  0.2  M  KCl,  pH  10.0 

ICxtreinely 

turbid 

25.1 

0.10 

4.0 

1.8 

7,240 

CatOH);,  pH  11.0 

Very  turbid 

10.0 

0.35 

3.5 

1  .0 

2 , 500 

purification  of  shc(‘p  FSII  have  ;<ho\vn  that  tlu'  amenai)ility  of  this  hor¬ 
mone  to  fractionation  is  depc'iuhmt  on  the  pH  (unployed  for  preparation  of 
the  extract,  hixtract  A  was  therefore'  fractionate'd  with  (XH4).;S()4  to  deter¬ 
mine  whether  the  separation  and  concentration  of  FiSH  could  easily  he  ac- 
complislu'd.  The  pH  o.o  distilled  water  extract  from  1  kg.  of  sheep  pitui- 
taries,  prepared  as  descrihe'd  above,  was  taken  to  2.0  M  (X  114)2804  at  pH 
5.5.  The  lightly  turbid  solution  was  then  adjested  to  pH  4.0  with  2  M  HCl 
and  the  copious  dark  brown  pr('cii)itate  which  formed  was  removed  by 
centrifugation.  To  the  supernatant  solution,  (XH4)28()4  was  add('d  to  8  M 
to  precipitate  the  FSII  which  was  thi'ii  r('-susp('ndeil  in  a  minimal  cpiantity 
of  water  and  dialyz('d  fn'e  of  salt.  Furtlu'r  iiu'rt  impurities  were  pn'cipi- 
tated  by  adjusting  a  5  to  (5%  solution  of  the  dialyz('d  FSII  to  pH  5.5.  The 
precipitate  and  the  sup('rnatant  solution  containing  the  FSII  were  neutral- 
iz('d  and  r(*cover('d  by  lyophilization.  The  yic'lds  and  potencies  of  the  ditfer- 
ent  fractions  an*  shown  in  Tabh'  8.  By  this  procc'diin*  a  two-fold  conc('ntra- 
tion  of  FSII  activity  was  achieved  with  no  loss  of  activity.  The  FSII  con¬ 
centrate  can  th('n  lx*  purified  furtlu'r  by  chromatography  on  l)l'iAI‘]-c('llu- 
lo.'ic'  (1,  18)  followed  by  zone  elect rophon'sis  on  starch  as  outliiu'd  in  a  pn*- 
vious  n'port  (1).  Tlu*  final  product  has  a  pot(*ncy  approximately  50  tinu's 
the  Armoiu’  FSII  Standard  2()4-151-X. 

Fractionation  of  Extract  ('for  (tH  :  It  is  appan'id  from  Tabh*  1  that 


Tabi.e  3.  I'ractionatikn  of  extract  A  for  KSll  and  proteinase  I  by 

(Xn4)2S()4  AND  BY  ETIIANOI. 


I'raet  ion 

Yield, 

gm./kg. 

glands 

2.M  (XH4)2S(t4,  pH  4.0  pi)t. 

18.5 

3M  (XH4)jS<)4,  ppt. 

1  .0 

I>H  5.5  ])pt. 

0.38 

pH  5.5  suiiernataiit 

0 . 57 

FSH 

Prote 

inase  I 

Units/mg. 

Units/kg. 

Units/mg. 

X  in 
fraction 

Units/kg. 

fraetiun 

glands 

glands 

0 

0 

0.0 

28,400 

1  .0 

1000 

3.4 

540 

0 

0 

2.0 

1140 

— 

560 
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j;ro\vth  hormone  is  the  only  major  hormonal  activity  present  in  extract  C. 
It  would  therefore  be  expected  that  the  preparation  of  purified  growth  hor¬ 
mone  practically  free  from  its  usual  contaminants,  TSH  and  LH,  should  be 
relatively  straight-forward.  However,  it  should  be  noted  that  growth  hor¬ 
mone  has  been  expos(‘d  to  possible  action  by  proteinase  I  during  extraction 
at  pH  4.0  and  to  proteinase  II  during  extraction  at  pH  7.o.  As  a  result  of 
som(*  action  by  these  enzymes  growth  hormone  may  have  been  alten'd  in 
solubility  prop(*rties  such  that  it  no  long(‘r  can  be  satisfactorily  purified  by 
establislu'd  proc(‘dures  desigiu'd  for  alkaliiu'  <*xtracts  (14,  15).  For  the  pur¬ 
pose  of  establishing  the  amenability  of  extract  C  to  fractionation  for  growth 
hormoiK*  and  also  to  detcMinine  th(*  rc'covery  of  the  purified  hormone,  (*x- 
tract  C  from  b(*(*f  and  sheep  glands  was  fractionat(*d  for  growth  hormone  by 
the  following  proc(*dur{*.  The  pH  5.5,  M/4  (XH4)jS()4  extract  of  either  b(*ef 
or  sheep  pituitaries  was  adjusted  to  pH  7.5  with  1  M  XaOH  and  (XH4)2S04 
was  added  to  final  concentration  of  1.0  M.  The  resulting  precipitate  was 
discarded  and  the  opalescent  supernatant  solution  was  brought  to  1.8  M 
(XH4)2S04.  The  precipitate  was  dialyzed  until  salt-free  and  then  re-sus- 
pended  in  approximately  §  of  the  original  extraction  volume  so  as  to  give  a 
1.0%  protein  solution.  The  pH  was  then  adjusted  to  4.0  and  the  highly 
turbid  suspension  was  extracted  for  80  minutes  with  continuous  stirring. 
The  insoluble  residue  was  nunovc'd  by  c(*ntrifugation  and  the  slightly  tur¬ 
bid  supernatant  solution  was  can^fully  adjusted  to  pH  5.4  to  5.5  with  1  M 
XaOH.  The  precipitate  was  removed  and  the  CHI  in  the  super  natant  .solu¬ 
tion  was  recovererl  by  precipitation  with  1.8  M  (XH4)2S04  at  pH  5.5  to  7.5. 
.\lternative4y,  to  a.ssure  a  minimal  amount  of  contamination  with  TSH, 
the  final  precipitation  may  be  performed  at  1.25  M  with  due  precaution  to 
maintain  a  pH  of  4.0  during  the  salt  aelelition  (15).  This  precipitate  was  re'- 
susperielerl  in  water,  neutralizerl  bedore  anel  after  dialy.sis,  and  recovered  by 
lyophilization.  The  yielel  of  hormone  by  either  procedure  was  4.7  g.  and  4.8 
g.  per-  kg.  of  fre'sh  whole  beef  and  shee*p  pituitaries,  resperdively.  Analysis 
e)f  the  proelucts  by  bioassay  showerl  a  potency  of  0.9  to  1.2  time's  that  of  the 
U.S.P.  growth  hormone.  Both  pre'parations  contained  k'ss  than  0.01  U.S.P. 
units  of  TSH  per-  mg.  anel  not  me)re  than  0.1%  e)f  LH  redative  to  Armour 
LH-#227-80  or  XIH-LH-SI.  The*  re*e*overy  of  hormone  activ’ity  redative  to 
the*  content  in  e'xtract  C  was  calculaterl  to  be  71  and  87  pe*rcent  from  ber'f 
anel  she'ep  glanels,  respectively.  Hence',  with  re'gard  to  potency  and  freedom 
from  the  usual  hormonal  contaminants,  these  pre'parations  of  growth 
hormone'  e'ompare  favorably  with  tho.se  pre'pare'd  by  other  methods  (14,  15, 
Ki).  More'over,  the'  yie'hl  is  consielerably  gre*ater  than  heretofore'  re'porte'd. 

Electro phoresis  of  Beef  Growth  Hormone  Prepared  from  Extract  C:  Electro- 
phore'tic  analy.sis  of  the  1.8  M  (XH4)2S()4  precipitate'  of  bee'f  growth  hor¬ 
mone  was  performed  at  pH  4.0  in  0.1  M  XaC.H  30.-0.45  M  HC2H3O2 
buffer  anel  at  pH  9.0  in  0.1  M  .sodium  barbital-0.007  M  HCl  buffer.  The  pat¬ 
terns  obtainc'd  in  the  pH  4.0  buffer  showe'd  the  presence  of  two  components 
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whose  respective  mobilities  wc'i  e  +().:!  X  10“’’  and  4.0  X 10  ■’  cm^-sec“*  volt“‘. 
AtpHO.O,  only  a  single  component  wit  ha  mobility  of  — 2.2X  10““cm-sec~‘ 
\'olt~‘  was  evident.  In  six  different  preparations,  the  pi'rcentage  of  the  two 
components  at  pH  4.0  varied  betwe(‘n  72  and  00%  fast  component  and  2S 
to  40%  slow  compoiu'iit  as  computc'd  from  the  areas  in  the  desccmding 
boundaries.  In  contrast  to  th(‘.sc  results,  when  beef  growth  hormone  was 
isolated  from  alkaline  extracts  according  to  the  method  of  Li  (14)  only  one 
component  was  evident  on  eh'ctrophon'sis  in  ])I1  4.0  or  9.0  butters,  tin*  r(‘- 
';pective  mobilities  being  4.0  and  —2.2X10  ’’  cm-  sec“‘  volt“'.  It  should  b(* 
noted  that  the  mobility  at  pH  4.0  corn'sjmnds  (‘xactly  with  that  of  the  slow 
componcmt  in  growth  hormone  pn*par(‘d  from  extract  C.  Notwithstanding 
the  grossly  different  mobility  of  the  major  component  of  growth  hormoiu' 
from  extract  C,  both  this  and  the  Li  preparations  wcav  etpiipotent  with  the 
LLS.P.  growth  hormone.  Thus,  repc'ated  multiple  <lo.se  assays  on  both  prep¬ 
arations  reveahal  that  the  potencies  range  from  0.9  to  1.2  times  th(‘  U.S.P. 
hormone  and  that  the  imam  potencies  were'  not  significantly  diffi'rcMit  at 
95%  confidence  limits. 

While  attempting  to  s(*parate  the  fast  and  slow  electrophoretic  compo¬ 
nents  by  conventional  nu'thods  such  as  fractionation  with  ethanol  or  iso- 
(‘lectric  prc'paration,  it  was  obs('rv(“d  that  a  conversion  of  the  fast  to  the 
slow  compoiK'nt  occurnal,  particularly,  in  mildly  alkaline*  solutions.  For  the* 
purpose  of  n'lating  the  change  to  pH,  tlu*  hormoiu*  was  expos(*d  to  .'Solutions 
ranging  from  pH  5.8  to  10  for  roughly  comparabh*  periods  of  time  after 
which  the  hormone  was  analyzed  electrophoretically.  The  results  are 
shown  in  Table  4.  The  conversion  prov<*d  to  be  most  rapid  in  alkaline  solu¬ 
tions  with  little  or  no  change*  eiccurring  be*low  pH  0.0.  The  conversion  of 
fa.st  to  slow  component  appe*are*el  to  ce*ase*  when  the  latter  re*ache*el  an  uppe*r 
limit  of  70%.  With  re*garel  to  biological  activity,  none  of  the*  foregoing 
tr(*atments  r(*sulted  in  a  loss  of  growth  promoting  potency.  He*nce,  in  view 
e)f  the  constancy  of  biological  activity  eluring  these*  e*lectrophe)re*tic  conver¬ 
sions  it  may  be*  cemclueleel  that  both  components  have  the  same  elegree*  of 
growth  promoting  activity. 


TaBLI.  4.  Ei.ECTROPHORETIC  analyses  of  (iROWTIl  HORMONE  AFTER  EXI’OSejRE 
TO  SOLl'TIONS  AT  DIFFERENT  pH  VALT’ES 


Solvent 

Hours  of 
treat  ment 

/c 

Fast 

component' 

Slow 

I’ntreated 

0 

00 

40 

M/10  NaCAHst),  HCoHjlb,  pH  .5.3 

5 

eio 

40 

M/10  NaCaHjO.— HC2H3O2,  pH  5.3 

■  11 

00 

40 

.M/10  NaHjPOv— NaOH,  pH  0.0 

10 

58 

42 

.05  M  Tris-HCl,  pH  7.5 

11 

30 

1)4 

2%  NaHCOs,  pH  8.2 

18.5 

34 

OC) 

2%  NaHCOj,  pH  8.2 

28 

33 

07 

M/10  (llyeine-NaOH,  pH  10 

21 

28 

72 

'  Kloctrophorc'sis  perfornicd  in  0.1  M  N.aC2H3O;-0.4.5  M  HCjHseio  buffiT,  jiH  4.0,  r/2  =0. 1 . 
.\roas  measured  on  desceiuUnK  limb.  All  solutions  were  1%  in  protein  eoncentration. 
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Tli(‘  re.sults  t^hown  in  Table  4  sugge.sted  that  if  the  isolation  of  beef 
growth  hormone  was  p(‘rform(‘d  in  solutions  below  pH  6.0,  the  transforma¬ 
tion  might  be  avoid(‘d.  This  did  not  prove  to  be  correct,  since  even  though 
(‘xtract  C  was  prepared  at  pH  o.o  and  fractionated  as  described  above  with¬ 
out  (‘V{‘r  exceeding  pH  o,.l,  the  resulting  growth  hormone  still  contained  tin* 
same  proportions  of  fast  and  slow  components.  Hence,  whereas  the  purified 
hormone  does  not  und(*rgo  the  electrophoretic  conversions  when  main- 
taiiu'd  b(4ow  pH  (i.O,  the  hormone  present  in  crude  extracts  or  fractions  ap¬ 
pears  to  do  so  (‘ven  in  the  acid  pH  rang(‘. 

.Vlthough  the  growth  hormone  pn'pared  from  beef  extract  C  is  as  .stabh* 
l)iologically  in  mildly  alkaline  solutions  as  the  hormone  prepared  by  other 
m(‘thods  (lo,  17),  the  electrophoretic  transformations  observed  in  such 
solutions  are  (piite  different.  Thus,  Li  and  Papkoff  (17)  observed  that  ex¬ 
posure  of  the  hormone  to  pH  9.4  buffer  results  in  the  formation  of  a  fast 
moving  component  on  eh'ctrophoresis  of  the  product  at  pH  4.0,  whereas 
I'dlis  et  al.  (18)  were  unabh*  to  duplicat(*  these  observations  with  their  hor¬ 
mone  preparation.  Tlu*  pr(*s(‘nt  observations  constitute  still  another  type  of 
elect rophon't it*  transformation  in  alkaline  solution,  namely,  conversion  of  a 
fast  component  to  a  slower  oiu*  which  is  the  r(*verse  of  that  describ(*d  by  Li. 
Since  the  4  sets  of  observations  w(‘re  made  on  growth  hormone  prepan'd  by 
diff'(*rent  methods,  it  is  reasonable  to  assume  that  it  is  the  method  of  prep¬ 
aration  which  is  responsibh*  for  the  differing  electrophor(*tic  properties  of 
{*ach  preparation.  .ludging  from  the  electrophoretic  conversions  incurr(*d  in 
solutions  as  mild  at  pH  7.5,  it  appc'ars  that  growth  hormoiu*  isolated  from 
pH  5.5  (‘xtracts  is  a  much  more  metastable  protein  than  that  isolated  from 
alkaliiu*  extracts.  Moreover,  the  conversion  to  an  elect rophor(*tic  form  with 
a  mobility  apparently  id(‘ntical  with  that  of  the  hormone  isolat(‘d  from 
alkaliiu*  (*xtracts  strongly  sugg(*sts  that  the  fast  component  of  growth  hor- 
moiK*  isolated  from  pH  5.5  (*xtracts  may  well  lu*  the  pr<*cursor  of  the  hor¬ 
moiu*  isolat(*d  from  alkaline  (*xtracts. 

XH>-Terminal  Groups  of  Goviue  Grouih  Hormone:  It  was  first  shown  by 
Li  and  Ash  (3)  that  the  XHj-terminal  groups  of  bovine  growth  hormone 
isolated  from  alkaliiu*  (*xtracts  were  phenylalanine  and  alanine  and  that 
they  were  pr(*sent  in  an  equimolar  ratio.  It  was  therefon*  surprising  to  find 
that  growth  hormoiu*  pr(*pared  by  the  three  stages  extraction  method  con¬ 
tained  tlu*  tlu*or(*tical  (luantity  of  NHj-terminal  alanine,  whereas  tlu* 
phenylalaniiu*  was  r<*placed  to  a  variable  (*xtent  by  methionine.  In  the 
upp<*r  half  of  Table  5  an*  shown  the  XH-.-terminal  groups  of  .several  such 
preparations  of  growth  hormoiu*  and  of  growth  hormotu*  prepared  by  the 
me*thod  of  Li  (14).  In  addition  to  Ala,  Phe,  and  Met,  small  but  significant 
amounts  of  (Jlu  and  S(*r  were  also  invariably  detected.  Hydrazinolysis 
(19)  of  tlu*  hormoiu*  pr(*parations  listed  in  Table  5  showed  that  all  con¬ 
tained  0.95  to  1.06  juM  of  COOH-terminal  phenylalanine  per  gM  of  hor¬ 
mone.  Xo  other  COOH-terminal  groups  were  detected  regardle.ss  of  the 
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Table  5.  Hesi  lts  ok  XH.-terminal  analyses  ok  (iKowni  iiokmone 


XHi-terininul  group  jicr 

Crowth  honnoiu-  preparation  no. 


.\la 

The 

Met 

Glu 

Scr 

Li  CH  XI.\-18-1 

.01 

1  .08 

0 

0 

0 

XIV-44-e.') 

.02 

.25 

.04 

.  10 

.  Hi 

.XIV-3!t-2 

.03 

.21 

1  .00 

.15 

.10 

,XIV-  7-('() 

1  .07 

.20 

1  .00 

..30 

.13 

XlV-47-('7 

.72 

..50 

.  7.5 

.17 

.13 

viv  oc  1  pit  -t-d  H-4)  17  hrs.  at  .i° 

.S5 

.88 

.24 

.  1 1 

.1.5 

v  I  \'  1C  hr.  pli  5..i  H  < ) 

'\2  hrs.  pH  5.5  M/4  .\K 

.S3 

.32 

.74 

.20 

.20 

.\l.\  go  <  <  2  hrs.  pH  n.n  .M/4  .\S  at  20° 

1  .02 

.  13 

1  .08 

.20 

.34 

XI X-24-('()^^  HjO 

.VIA  g4  (0^22  hr.s.  pH  5.5  .M/4  .\S  at  20° 

.04 

.15 

1  .00 

.22 

.33 

*  Calculat«‘(l  oil  liasis  of  inolecular  wciglit  of  4o, ()()()  and  corrected  for  loss  of  l)XP-aiiiiiio 
acids  during  hydrolysis.  Method  of  X H>-terininal  analysis  employing  dinit roHuorohenzene 
has  been  detaih'd  in  referiuici'  2t». 


variation  in  Xllo-terminal  composition.  Moivovt'r,  all  of  the  hormoiK'  prt'p- 
arations  had  a  potency  between  0.9  and  1.2  times  the  U.8.P.  rt'fertmct' 
growth  hormoiK'  and  none  wert*  significantly  ditferent  in  potency  from  the 
reference  at  9o%  confidence  limits. 

There  was  no  correlation  tM‘tw(*en  the  amounts  of  fast  and  slow  com¬ 
ponents  in  the  electrophoretic  patterns  discusst'd  above  and  tin*  conttmt  of 
Xllo-terminal  methionine.  This  was  proven  by  XHo-ttn-ininal  analysis  of 
the  growth  hormont'  samph's  ndturtul  to  in  Tabh*  4.  .Vlthough  the  amount 
of  slow  component  incn'ased  from  40  to  07%  after  2<S  hours  of  incubation 
at  pll  8.2,  there  was  no  (hdectable  chang(‘  in  th('  content  of  XH2-terminal 
.Via,  Met,  or  Phe. 

In  attempting  to  account  for  tlu'  formation  of  “methionyl”  growth  hor¬ 
mone®,  it  was  assumed  tliat  th(‘  most  favorable*  conditions  for  its  formation 
existed  in  one*  of  the  multiple  extraction  .stages.  .Vccordingly,  the  extraction 
schedule  was  revised  .so  as  to  omit  extraction  at  pH  o.o.  The  ground  pitui- 
taries  were  (‘xtractesl  with  .M  10  (XIl4)2S()4  at  pH  4.0  for  10  hours  at  o°, 
thereby  removing  the  major  part  of  the*  TSH,  Idl  and  proteinase  I.  The* 
residue  was  n'suspe'iided  in  .M  4  (XH4).>S()4  and  (‘xtracted  overnight  at  pH 
7.0.  The*  resulting  extract  was  employ('d  for  the  i.solation  of  growth  hor¬ 
mone  by  (‘xactly  the  .same*  proc(*dures  as  alr(‘ady  (h'.scribed.  The  hormone 
isolated  in  this  manner  contaiiu'd  only  0.24  ju.M  of  nu'thioniiu*  sugg(*.sting, 
th(‘refor{‘,  that  tlu*  formation  of  M(*t-(1H  is  imh'ed  dep(‘nd(*nt  upon  extrac¬ 
tion  at  pH  O..0  ratlu'r  than  pH  4.0  or  7.o.  That  tlu*  formation  of  .Met-CHI 

®  Hcnci'fortli  ahhrcviati'd  as  .Mct-dll.  Tlic  growtli  honnoiu'  containing  only  XHo- 
tcrininal  phenylalanine  and  alanine  is  referred  to  as  Phe-(JH. 
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occurs  at  pH  5.5  is  furtlicr  supported  by  the  isolation  of  the  hormone  from 
glands  which  liave  l)een  extractcnl  only  at  pH  5.5  for  th('  periods  of  time  and 
temperature  shown  in  Tahh*  5.  It  is  notahh*  that  the  formation  of  M(‘t-(JH 
at  pH  5.5  is  (juite  rapid  since  only  1  hour  of  exlraclion  with  wat(“r  and  2 
hours  with  M/4  (XH4)jS()4,  plus  a  total  cent rifufjat ion  time  of  5  hours  still 
yiehh'd  a  lar{>;e  amount  of  .Met -(111  (0.74  ju.M  ).  This  is  remarkal)le  in  view  of 
tlu*  fact  that  the  (Mitire  <*xtraction  and  isolation  proc(‘ss('s  have  beam  pea- 
formed  at  2  to  5  (\  Isolation  of  the  hormone*  freem  two  stafje's  e)f  e*xtraction 
at  pH  5.5  in  whie‘h  the*  se*e‘e)nel  sta^e  was  pe*rfe)rme*el  at  22°  for  e*ithe*r  2  or  22 
hours  yie*lele*el  se)me*what  me)re*  XH.;-te*rminal  me*thie)nine*  (l.OS)  anel  e*e)rre*- 
speuielingly  le*ss  XHj-terminal  phe*nylalanine*.  Unele*r  the*.se*  ce)nelitie)ns  e)nly 
O.bi  to  0.15  jitM  e)f  XHj-te*rminal  phe*nylalanine*  was  pre*se*nt  anel  re*pre*- 
seaited  the*  le)we*st  epiantity  which  cemlel  be*  obtaine*el  ley  meeelifviiiK  the 
conelitions  of  e*xtraction  with  .M/4  (XH4)oS()4  at  pH  5.5.  e*ithe*r  with  re*- 
spect  to  time*  eer  te*mpe*rature*. 

Ultrace*ntrifusal  analyse*s  eef  f>;rowth  hormeene*  pre*parations  ceentaininfj; 
various  ratios  eef  XH2-terminal  methieenine*  anel  phenylalanine*  we*re>  pe*r- 
forme*el  at  pH  2.80  in  0.1  M  XaH>lM)4  0.04  M  H»F()4.  -Ml  eef  the*  prepara¬ 
tions  shown  in  Table*  5  yie*lele*el  a  single*  symmetrical  beninelary  with  an  S  of 
8.5,  which  is  in  {Jieeoel  af!:re*e*me*nt  with  that  for  phe*nylalanyl  f^rowth  hor- 
meme*  of  bovine  origin  ele*se*ribe*el  by  Li  anel  ]Vele*rse*n  (20).  .Vnalysis  feer 
me*thionine*  (21)  in  pre*paratie)ns  e*ontaining  0.18  /xM  of  XH2-te*rminal 
phe*nylalanine*  anel  in  growth  heermeene  pre*pare*el  by  the  me*thoel  of  Li  (14) 
yielele*el  a  value  e>f  2.1%  methionine  or  7  re*sielue\s  for  a  molecular  weight  of 
45,000.  That  the  me)le*cular  w(*ight  eef  the  Me*t-(JH  is  very  close*  to  that  of 
the  phenylalanyl  hormeme  is  also  supporte*el  ley  the  ab.se*nce  of  more  than 
one*  compone*nt  or  eve*n  significant  asymme*try  in  the*  ultrace*ntrifuge*  pat- 
te*rns  of  pivparatieens  shown  to  be*  mixture*s  eef  the*  two  type*s  of  hormones 
by  XH2-te*rminal  analysis.  Finally,  the  fact  that  a  me*an  eef  0.05  mole*s  eef 
XH  •2-te*rminal  alanine*  pe*r  meele*  of  the*  mixe*el  heermeene  is  eebtaine*d  for  a 
moh'cular  we*ight  eef  45,000  supports  the*  chese*  similarity  in  mole*cular 
we*ight  be*twe*e*n  the*  methionyl  anel  phe*nylalanyl  hormone*s. 

Hj/drolifsis  of  Peptides  Containing  Methionine:  In  the*  pre*ce*eling  te*xt  it 
has  be*e*n  assume*el  implicitly  that  the*  me*thionyl-(JH  is  ele*rive*el  in  some 
manner  fnem  phe*nylalanyl-(lH  which  is  native*  to  the*  pituitary  anel  that 
the*  m(*thie>nyl  XHj-te*rminal  greeup  is  attributable*  to  (IH  rathe*r  than  to  an 
impurity.  The  elata  of  Table*  5  which  sheews  that  the*  amount  eef  .Met-GH  is 
inverse*ly  re'late*el  to  the*  ameeunt  eef  Phe*-(  IH  strongly  suppeerts  these*  assump¬ 
tions.  In  attempting  tee  ae*e*ount  feer  the*  formatieen  eef  .Me*t-GH  from  Phe*- 
GH,  e*ither  prote*olysis  eer  transpe*ptielatieen  e*an  be*  inveeke*el.  In  the*  latte*r  in¬ 
stance,  a  me*thionyl  XH2-te*rmanal  pe*ptiele*  in  the*  cruele*  e*xtract  ceeulel  be* 
tran.sferre*el  to  the  XH.-te'rminal  phe*nylalanine*  eef  GH  by  a  transpe*ptiela- 
tion  me'chanism  similar  to  that  elemonstrate*d  by  Zieeuelraw  et  nl.  (22)  feer 
insulin,  glycine*phe*nylalaieine*amiele  anel  cathe*psin  C.  However,  in  vie*w  eef 
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‘he  appreciable  amount  of  proteolytic  activity  observed  at  pH  5.5  in  crude 
pituitary  extracts  by  Adams  and  Smith  (2),  it  would  appear  that  pro- 
eolysis  might  be  a  more  likely  mechanism  which  would  account  for  the 
ormation  of  Met-CIH.  To  t(‘st  this  possibility,  synthetic  p(*ptides  contain- 
ng  methionine  wer(‘  tested  for  hydrolysis  by  the  three  extracts  obtained 
rom  be(*f  pituitaries.  If  nK'thionine  containing  pc'ptides  (2:i)  were  found 
o  be  attack(*d  at  the  amino  side  of  nu'thionim*,  then  it  would  be  reasonable 
!0  account  for  th(‘  formation  of  m(‘thionyl-(JII  by  proteolysis. 

The  hydrolysis  of  CH;,CO-S(‘r-Tyr  S{M  -Met  Cllii  (Nil.),  Ser-Met  Cilu 
NH-.),  Met  tJlu  (Nib.)  and  CBZ-Met  tdu  (Nil,)  at  pH  5.5  by  beef  ex- 
Iract  A  is  shown  in  Table  0.  The  hydrolysis  was  followed  by  the  ninhydrin 
method  of  Moon'  and  Stc'in  (24)  and  tlu'  amino  groups  which  w(‘re  lilx'r- 


Table  (j.  Hydrolysis  ok  methionine  kei'iides  by  beek  e.ntract  \  at  pH  5..') 


Time  of  iiicubiitioii, 
minutes 

/iM  leucine  equiv.  formed  per 

/iM  iieplitle 

CH:,C()  Ser-Tvr  -Se: 
-Met- (llu  (XH-,) 

'■  Ser-Met-dlu  (XH.)  Met-Glu  (XH.) 

20 

.23 

.  10 

.002 

40 

.51 

.35 

.002 

(>() 

.03 

..54 

.005 

120 

.80 

.70 

.010 

180 

■  .80 

.00 

.020 

Digest ;  0.(i  piM  of  the  jM'ptides  and  0.5  mg.  lyojiliilized  lieef  extract  .\  pc'r  ml.  of  0.5  M 
XaCaHjO, —  HCi.HjO-j  hiitfer  at  pH  5.5.  .Miijuots  of  0.2  ml.  were  removed  at  the  indicated 
time  and  analyzed  hy  the  Moore  and  Stein  ninhydrin  method  (24),  employing  leucine  as  a 
standard. 


ated  are  expressed  in  terms  of  leucine  equivalents.  The  acetylated  penta- 
peptide  and  the  tript'ptide  yielded  0.<S9  and  O.Ob  new  amino  groups  after 
three  hours  of  incubation  at  57°.  Metdlu  (NH-,)  was  only  slightly  hy¬ 
drolyzed,  and  CBZ-Met-(ilu  (NIB)  not  at  all.  One  dinu'nsional  papt'r 
chromatography  was  performed  on  separate  digests  obtained  at  pH  5.5 
but  in  the  absence  of  buffer  salts.  Employing  the  solvent  .sy.stem  n-butanol- 
HC2H30-,-H20  (120:30;(i0)  as  recommendt'd  by  Smith  (25),  the  penta- 
peptide  yielded  a  strong  ninhydrin  reactive  spot  corresponding  to  M(‘t. 
(ilu  (NH-,)  and  trace  spots  corresponding  to  Met  ami  (llu  (NH-,).  The  tri¬ 
peptide,  Ser-Met  CJlu  (NH-,),  yiehh'd  strong  spots  corresponding  to 
Ser-Met  and  (Jlu  (NH-,)  and  minor  spots  of  S(‘r  and  Met  -Olu  (Nib).  Tlu; 
dipeptide,  Met-Glu  (Nib)  yielded  traces  of  its  component  amino  acids. 
Pure  samples  of  CJlu  (NH-,),  Met  (Jlu  (NH-,)  and  Ser  -Met  -(llu  (NH-,)  weri' 
chromatographed  siniultam'ously  on  the  paper  with  the  digi'sts  and  served 
to  identify  the  various  niidiydrin  spots.  The  di.stance  of  migration  relative  to 
(llu  (Nib)  was  1.10  forSer,  2.50  for  S(‘r-]\Iet  (llu  (Nib),  2.84  for  Met  (llu 
(NH2),  3.08  for  Ser-Met  and  3.81  for  Met.  Descending  chromatography 
was  employed  on  Whatman  No.  1  paper  and  the  lower  ('dge  was  serrated  to 
allow  the  .solvent  to  drip  off  in  order  that  Ser-Met  and  Met  would  be  ade- 
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quately  resolved.  Ideiitifieation  of  CH3CO  Ser  •  T vr  •  Ser  on  the  eliromato- 
grams  ’.vas  not  attempt(‘d.  Confirmation  of  the  identity  of  the  Met  CJlu 
(XHa)  and  Ser-Met  spots  was  ol)tained  by  staining  with  iodoplatinic  acitl 
and  p(>riodate  (2.5).  Tlie  identity  of  the  various  reaction  products  in  the 
digests  w(‘r(‘  also  confirmed  l)y  papc'r  chromatography  employing  (‘thanol- 
IIoO-XIIs  (SO:  10;  10).  In  lu'ither  solvent  system  were  any  unknown  spots 
pre.sent  which  might  sugg(“st  the  occurrence  of  transpc'ptidation.  The 
hydrolysis  of  tin*  various  p(‘ptid(*s  at  pH  .5.5  is  summarized  below  where 
solid  and  broken  arrows  indicate*  major  and  minor  re'actions,  respe'ctively : 

1.  C'HaC'O-Sor-Tvr-Scr-Mct -(ilu  (NH.;)  — *  C'HjCO-Scr-Tyr-Scr  +  Met-(ilu  (XUj) 


.Met  +  (ill!  (XU,) 

2.  S«“r •  Mft  •  (ill)  (NHo) - .Si'i'-Mct  +  (.llu  (XH-.) 

.S(‘i  -Mct  Cllu  (XH.) - ►Scr  +  Met  (llu  (XH,) 

3.  .Mt't  Clii  (XH.) - .  M<‘t  +  (ill)  (XH,) 

The  occum'nce  of  reaction  1  indicates  that  beef  extracts  contain  an  enzyme 
capable  of  hydrolyzing  a  Ser-Met  bond  to  yield  a  peptide  with  XII2- 
t4»rminal  methionine,  namely  methionylglutamine.  It  is,  therefore,  reason¬ 
able  to  assume  that  the  same  enzyme  is  probably  responsible  for  the  forma¬ 
tion  of  methionyl-(JH  from  phenylalanyl-CH  and  that  the  derived  hor¬ 
mone  arises  by  hydrolysis  and  not  transp(‘ptidation. 

The  hydrolysis  of  S(‘r  Met  (Jlu  (XIL.)  by  extract  A  at  pH  .5.5  can  occur 
on  either  side  on  the  methionine  residue  as  evid(‘nt  from  the  presemee  of 
Ser-Met  and  Met  (llu  (XH-.),  although  the  latter  is  present  in  much 
smaller  (piantity  than  Ser-M(‘t.  This  result  suggests  that  two  different 
enzynu's  may  la*  involv(‘d  in  tlu*  hydrolysis  of  Ser-Met  (llu  (XHo).  Data 
supporting  this  interpretation  an*  summariz(*d  in  Table  7.  When  the  di¬ 
gestion  of  S(*r  -Met  (llu  (XH  .)  was  p(*rformed  at  pH  4.0,  cl(*avag<*  occurr(*d 
at  the  Ser-Mer-  bon<l  to  yi(*ld  S(*r  and  M(*t  (llu  (Xlb.).  Tin*  pres(*nc(*  of 
Met  and  (llu  (XH-.)  in  tlu*  digest  is  int(*rpr(*t(“d  to  mean  that  the  M(*t  -  (llu 


Taki.e  7.  Hydrolysis  of  methionine  tontainino  i'Eftides  at 

DIFFERENT  I’H  VALI  ES  BY  BEEF  ENTRAI'T  A* 


Mydn.lysis  of  Ser •  M<‘t  Glu  (N'llj)  Hydrolysis  products  of  jM-ptidcst 


/iM  leucine  cquiv-  j 

pH  iilents  per  .Ser •  Met  (ilu  (XH?)  1  Met  (llu  (NHj)  ;('Hrf'O  S<.r  Tyr  SerMet  (llu  (XH;| 

.S-r-Met  (llu  (XHj)  ' 

4.0  0.40  S..r+Mpt  (llu(XH!)+ I  (Met +(llu  (Nil,))  Metdlu  (XH,) +lMet +(llu  (NH,)| 

Met +(llu  (XH,) 

4.. '.  0.64 

•■..O  0.68 

0.48  S,.r+Me,  (llu(XH.)+  (Met +( llu  (XH,)|  .Met  (llu  (XH,) +lMet +(llu  (XH,ll 

|Ser-Met+(llu  (XH,)] 

+[Met+(llu  (XH,)| 

6.0  0.71 

6.. 0  0.72  ; 

7.0  0.61  '  Ser ■  Met +( llu  ( XH,)  None  (Ser  +  .Met  (llu  (XH,) +Ser-.Met  4- 

'  (llu  (Xll,)| 


*  Extracts  B  and  C  yi»‘ldtsl  results  closely  similar  to  A,  but  an*  omitted  iM-cau.se  of  their  very  low  level  of  activity, 
t  Enclosures  within  brackets  indicate  small  or  trace  amounts  of  prialuct. 
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XII2)  which  is  fonnc'd  initially  un(l('r{j;o(‘s  hydrolysis  to  its  constituent 
iinino  acids.  .\t  ])I1  7.0,  (*leavaK('  occurnal  at  the  -.M(‘t  -(!tu  (Xllj)  bond 
o  yield  only  S(‘r-M('t  and  (llu  (XH..>).  Table  7  also  shows  tin*  amount  of 
lydrolysis  of  Ser- .M(‘t  (llu  (XII2)  in  tlu*  lansc*  Ix'twi'i'n  pll  1.0  and  7.0. 
riu*  minimum  which  occurs  at  pH  o..")  has  Ikhmi  consistently  obs(M  V('d  in 
litfenmt  pn'parations  of  ('xtract  A  and  further  supports  the  hypotlu'sis 
hat  two  (litfenmt  (mzyiiK's  are  op('rative  in  the  hydrolysis  of  Ser-Met  -(1111 
Xlb.)  with  thc'ir  optima  for  hydrolysis  of  this  pc'ptide  at  pH  4.0  to  o  and 
it  pH  ()  to  7,  respectively.  Th(‘  foriiK'r  enzyme  appc'ars  to  be  responsible 
or  hydrolysis  of  the  Ser  •  M(‘t- bond  and  the  latt(‘r  for  tlu'  -Met  (llu  (XH  .) 
)ond  so  that  at  pH  0.0  both  peptides,  S(‘r  •  Met  and  Met  -(llu  (XIH),  would 
iorm  due  to  tin*  oviulap  of  activities  of  the  two  enzynms  at  this  pH. 

At  pH  4.0  and  0.0  the  hydrolysis  of  the  ac('tylat('d  pentapc'ptide  pro- 
ce('ds  readily  to  yi(‘ld  the  dipeptidi',  M('t  (llu  (XH>).  At  pH  7.0  however, 
only  a  small  amount  of  hydrolysis  occurnal  as  indicat(‘d  by  trace  (pianti- 
ties  of  the  followiiifj;  products  which  w(‘r('  identific'd  chromatosi‘iipl>i<“iH.'" 
Ser,  Ser-Met,  M(‘t  -  (llu  (XH.)  and  (llu  (XH.).  Hence,  the  -Tyr- Ser- bond 
can  also  be  hydrolyzcal  and  may  well  be  the  rate  limiting  st('p  for  the  for¬ 
mation  of  Ser -Xhd -(llu  (XH2)  which  is  in  turn  hydrolyz('d  further  to 
S(‘r-Met  and  (llu  (XH2)  as  shown  for  the  trip(‘ptid(‘  at  pH  o.iy  in  Table  7. 

The  existemee  of  proteolytic  enzymes  in  pituitary  extract  A  which  are 
capable  of  hydrolyzing  S(u  -Met,  M(‘t  (llu  (XH.)  and  Tyr-Ser  bonds  may 
be  therefore  invoked  to  account  not  oidy  for  the  formation  of  XH2-terminal 
iiK'thionine  in  growth  hormone  but  also  the  minor,  but  pi'rsistent  amounts 
of  XH2-terminal  (llu  and  Ser  not  cal  in  Tabh*  o.  While  tin*  pn'sence  of  such 
enzymes  in  tlu'  pituitary  dot's  not  prove  that  tla*  latter  two  amino  acids 
are  XH2-t('rminal  in  Met-(1H  ratlu'r  than  Ix'ing  diu'  to  impuritit's,  it  noiu'- 
theh'.ss  points  to  the  latt(*r  possibility.  That  tht'se  groups  are  probably 
XH>-terminal  in  Met-(1H  tends  to  be  supportt'd  by  their  increase  by  eh'- 
vat('d  temperature  or  prolonged  incubation  during  ('xtraction  at  pH  ii.i) 
and  by  the  inability  to  rt'duce  them  in  the  isolated  hormone  by  further 
purification.  Howevc'r,  until  the  purific'd  enzynu's  are  available  for  tc'sting 
on  isolat('d  (IH,  this  point  must  remain  undecich'd. 

The  formation  of  m(‘thionyl-(lH  and  the  hydrolysis  of  methionine  p('p- 
tid('s  .suggc'sts  that  other  protc'olytic  enzymes  ('xist  in  the  pituitary  in  addi¬ 
tion  to  proteinas('s  I  and  II  originally  (U'seribed  by  Adams  and  Smith  (2). 
The  following  pn'liminary  observations  support  the  ('xistence  of  tlu'se 
separate  enzyme's.  The  pH  optimum  of  the  hydroly.sis  of  Ser -Met  (llu 
I XH2)  is  at  pH  5  to  ()  which  does  not  correspond  to  the  pH  optima  for  the 
hydrolysis  of  denatured  hemoglobin  by  proteinase  1  or  II,  wliose  optima 
are  at  pH  4.0  and  8.2  respectively.  Highly  purifi('d  pituitary  proteinase  I 
i)f  sheep  origin  (2t))  is  without  effect  on  Sc'r  •  Alet -(jIu  (XH2)  at  pH  4.0  or 
j.5  when  tested  at  concentrations  2  to  100  times  greater  than  that  found 
n  the  corresponding  beef  extract  A.  The  absence  of  hydrolysis  by  sheep 
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proteinaf^p  I  cannot  he  ascrilK'd  to  species  specifity  of  the  slieep  enzyme  ! 
since  sheep  extract  A  is  also  capable  of  hydrolyzing;  the  tri-  and  pentapep- 
tides  in  th(*  sann*  manner  as  described  for  beef  extract  A.  When  the  three*  (; 

stage  extraction  is  performed  in  the  mann(*r  outliiu'd,  but  the*  sc'cond  ex-  | 

traction  stage  (pH  4.0,  M  10  (NH4)2S()4)  is  pe'rformed  at  22°  for  10  hours 
rather  than  at  2°,  the  dig(‘stion  is  so  extcMisive*  at  pH  4.0  that  no  trace  of 
(iH  activity  can  be  detecte'd  in  any  of  the  extracts  or  fractions.  Moreover, 
under  the.se  conditions  less  than  10%  of  the  usual  yield  of  protein  can 
be  obtain(‘d  from  extract  C,  i.e.,  the  third  extract  obtained  with  M  4 
(XH4)2S04  at  pH  5.O.  With  regard  to  po.'^.dble  identity  of  the  postulat(*d 
enzymes  with  prot(‘inase  II,  it  should  be  not(‘d  that  considerably  less 
Met-GII  was  obtained  from  extracts  pr<‘pared  at  pH  7.o  as  compared  to 
pH  5.5  (Table  5),  hence,  the  postulatc'd  enzymes  are  probably  not  identi¬ 
cal  with  proteinase*  II  since  the  optimum  of  the  latter  is  at  pH  8.2.  More¬ 
over,  hydrolysis  of  Ser-Met  Cllu  (XHo)  and  the  acetylated  pemtapeptide 
is  negligible  at  this  or  higher  pH  values. 

Observations  on  Sheep  Growth  Hormone:  The  sheep  (HI  obtained  from 
sheep  extract  C  differs  from  beef  (HI  in  sev(*ral  important  respects.  On 
electrophoresis  at  pH  4.0,  the  sheep  preparation  showed  90%  of  a  com¬ 
ponent  with  a  mobility  of  5.5X10“-’  cm.-  sec“‘  v“*  and  10%  of  another 
component  with  a  mobility  of  3.4X10“"  cm.-  sec“^  v~b  On  prolonged  stor¬ 
age  in  thedyophilized  state  or  in  alkaline  solutions  as  described  for  beef 
(HI  (Tabh*  4),  no  conver.don  to  the  slower  moving  electrophoretic  compo¬ 
nent  could  be  observ(‘d  as  in  the  case  of  beef  (HI.  Xllo-terminal  analysis  of 
the  sh(*(‘p  (HI  yielded  0.9  /xM  each  of  Phe  and  Ala,  and  COOH-terminal 
analy.sis  0.9  nM  of  Phe  per  ju^I  of  tko  hormone  which  is  in  close  agre(*- 
ment  with  the  data  of  Papkoff  and  Li  (27).  Moreover,  variations  in  the 
time  and  temperature  of  extraction  at  pH  5.5  changed  neither  the  amount 
of  Xllj-terminal  amino  acids  nor  the  electrophoretic  pattern.  These  re¬ 
sults  suggested  that  the  proteinase  responsible  for  the  formation  of 
Met -(HI  in  beef  glands  might  be  absent  in  sheep  pituitaries  or  else  the 
sheep  growth  hormone  molecule  may  not  be  .su.sceptible  to  their  action. 
When  sheep  extract  was  te.sted  for  hydrolytic  action  on  Ser  •  Met  •  (Hu 
(XIL)  and  on  the  acetylat(‘d  pentap(*ptide  at  the  pH  values  used  with  ^ 

beef  extract  shown  in  Table  7,  e.s.sentiallv  the  same  results  were  obtained.  ! 

Hence,  the  lack  of  formation  of  Met-GII  in  sheep  extracts  is  not  due  to  the 
absence  of  the  appropriate  proteinases  but  must  be  due  to  the  absence  of 
susceptible  peptide  bonds  or  to  some  difference  in  configuration  of  the  mole¬ 
cule  which  renders  the  bond  unaccessible  to  the  enzyme. 

DISCUSSION* 

The  distribution  of  FSH,  LH,  TSH  and  (HI  in  the  three  successive  ex¬ 
tracts  presents  a  relatively  constant  pattern  for  beef,  sheep  and  pig  pitui¬ 
taries.  Thus,  extract  A  is  essentially  an  FSH  concentrate  when  prepared 
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from  sheep  or  pis  shnuls;  extract  H  is  primarily  a  TSll  ami  LH  concen¬ 
trate,  extract  C  is  a  growth  hormone  concentrate  and  extract  D  is  a  pro¬ 
lactin  concentrate.  .\n  (‘xception  to  this  pattern  is  oh.'^ervc'd  with  pig  (‘x- 
tracts  A  and  B.  Ih're  th(‘  major  proportion  (o9  percent)  of  tlu'  Id  I  app(‘ars 
in  (‘xtract  A,  although  the  highest  .specific  activity  of  Lll  is  found  in  ex¬ 
tract  B  as  is  true  for  land  and  sheep  pituitaries.  Brot(“inase  1  is  mainly  pn's- 
ent  in  extract  A,  with  the  exception  that  in  pig  extracts  tlu*  prot(‘inase  ac¬ 
tivity  is  equally  distributed  between  extracts  A  and  C.  Proteinase  II  ap- 
p(“ars  primarily  in  extract  C  from  all  three  .sp(‘cies  of  glands,  although  pig 
material  again  presents  an  exception  to  tlu*  pattern  in  that  a  considerable 
proportion  is  also  presold  in  extract  A.  It  should  be  emphasized  that  this 
pattern  of  extraction  of  the  hormones  and  proteinases  has  been  obtaimnl 
with  fresh  pituitaries  which  had  beim  .ston'd  at  —20°  anywhen'  from  a 
month  to  several  years.  It  is  not  known  what  effect  repeated  thawing  and 
freezing,  prior  dehydration  and  (U'fatting  with  acetone,  or  lyophilization 
of  the  whole  glands,  may  have  on  the  extraction  pattern. 

A  consideration  of  the  results  obtained  by  the  serial  extraction  of  pitui¬ 
tary  glands  shows  that  tlu*  solubilization  of  th('  different  hormones  and  pro- 
teina.si's  into  the  three  types  of  extracts  is  not  as  complete  as  would  be 
ideally  desirable.  However,  from  the  practical  standpoint,  the  following 
advantage's  are'  evielent.  Se'rial  e'xtraction  re'sults  in  a  fairly  se'lective  con- 
ce'iitration  eif  certain  hormone's  anel  proteinase's  in  the  various  e'xtracts  in 
contrast  to  the'  usual  alkaline'  e'xtracts  (1,  S-12)  in  which  lu'arly  all  of  the 
hormone's  anel  other  soluble'  protedns  are  eibtaineel  toge'ther.  Hence,  fairly 
complete  separatiems  of  certain  hormones  e)r  groups  of  hormone's  are  al- 
re'aely  achieve'el  in  the  extracts  them.selves,  which  tlu're'by  pe'rmits  an  ap¬ 
preciable  simplification  in  the  subseepiend  stages  of  purification  of  the  hor¬ 
mone's  anel  proteina.ses.  Finalh’,  the  methoel  of  serial  e'xtraction  permits  a 
more'  complete  anel  economical  utilization  of  pituitary  glanels  since  it  is 
possible  to  obtain  starting  materials  from  a  single  led  e)f  glanels  which  can 
be'  use'el  for  the  further  purification  of  five  hormone's  anel  at  le'ast  two  pree- 
te'ina.se‘s;  P’SH,  LH,  TSH,  (HI,  prolactin  anel  proteinases  I  anel  II. 

Met-CHI  obtained  from  be'e'f  pituitaries  appears  to  be'  an  artifact  of  the 
thre'e'  stage  extraction  proceelure'  which  is  performe'el  at  pH  values  where 
proteolytic  enzymes,  pre'viously  unele'scribe'el,  are  optimally  active.  Alka¬ 
line  extraction  .such  as  employe'll  by  Li  (14)  preclueli's  an  opportunity  for 
action  by  the^.se  prott'inase's  anel  the  Phe>GH  obtaine'd  from  such  extracts 
must  be  the  precursor  of  Met-CHI.  The  partial  ile'graelation  of  the  Phe'-(HI 
to  Met-(iH  is  not  accompanie'd  by  any  loss  in  potency  as  eletermint'd  from 
assays  employing  hypophysectomize'd  rats.  The  Met-GH  has  also  been 
te'sted  in  monkey's  for  possible  activity  in  primates,  but  like  the  phenyl- 
alanyl  hormone,  the  methionyl  elerivative  was  incapable  of  stimulating  the 
release  of  unesterified  fatty  aciels  into  the  blooel. 

An  interesting  question  concerning  the  methionyl-GH  is  whether  only 
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()iu‘  or  s(‘V(‘ral  mcthionyl  l)Oii(ls  of  the  7  prescMit  in  l)ovin(*  (2(S)  (111  an* 
eh'aved  hy  the  enzyme.  Sinee  ultraeentrifiigal  analysis  yi('l(l('(l  a  single 
symnielrieal  eompoiKMit  with  a  sedimentation  eonstant  ecpial  to  that  of 
Plie-(J11  it  is  very  lik(‘ly  that  only  one  imdliionyl  bond  was  split.  A  random 
splitting  of  methionyl  bonds  would  probably  result  in  ultraeentrifiigal 
het(*rogeneity.  In  addition,  the  results  of  analy.sis  for  methionine  revealed 
that  Met-(J11  still  contains  seven  residues  of  the  amino  acid  per  molecular 
w(‘ight  of  4o,0()().  llene(‘,  it  can  be  concliuh'd  that  only  a  single  methionine 
bond  is  hydrolyzial  and  that  it  is  locat(*d  neari'r  to  the  Nllj-terminal  than 
the  other  methionine  residues. 
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SUBTOTAL  HYSTERECTOMY  AND  OVARIAN 
FUNCTION  IN  GILTS' 2 


L.  L.  ANDERSON,  R.  L.  BUTCHER  and  R.  M.  MELAMPY 

Department  of  Animal  Ilmbandry,  loiea  State  L'niversity,  Ames,  Iowa 
ABSTRACT 

This  invostisiition  (h'als  with  ovarian  function  in  <!;ilts  following  subtotal 
hysterectomy  during  the  luteal  phase  of  the  cycle.  In  7  f>roups  of  o  Rilts  per 
sroup  the  following  parts  of  the  uteri  remained  in  the  animals:  Group  1,  pos¬ 
terior  half  of  cervix;  Group  2,  body  and  cervix;  (Jroup  3,  anterior  one-fourth 
of  right  horn  and  posterior  half  of  cervix;  Group  4.  anterior  half  of  right  horn 
and  posterior  half  of  cervix;  (irouj)  5,  posterior  half  of  right  horn  including 
body  and  cervix;  Group  fi,  anterior  halves  of  right  and  left  horns  and  posterior 
half  of  cervix;  and  Group  7,  sham  oi)erations.  Nine  of  10  gilts  in  Groujjs  1  and 
2  did  not  show  estrus  during  a  120-day  period  following  the  estrus  ])rior  to 
experimental  treatment.  Three  of  5  gilts  in  Groui)  return  to  heat 

during  a  70  day  period  following  the  estrus  prior  to  surgery.  All  gilts  in  Groups 
4,  5  ami  0  had  average  (‘strous  cycle  intervals  of  25  days  as  compared  to  21  days 
for  the  same  animals  i)rior  to  hysterectomy.  The  sham-oi)erated  gilts  in  Groii]) 

7  had  average  estrous  cycle  intervals  of  21  days.  These  findings  suggest  that 
ndrogressive  transformation  of  active  corpora  lutea  into  corj)ora  albicantia  dur¬ 
ing  non-fertile  cycles  is  dependent  upon  a  stimulus  from  the  uterine  horns. 

Persisting  corpora  lutea  (marked)  and  no  heats  were  observed  in  gilts  in 
which  corrosives  and  irritants  were  injected  into  tin*  lumen  of  the  right  uterim* 
horn  and  body  during  the  luteal  phase  of  the  cycle.  The  left  horn  was  removed. 

FSH  activity  was  significantly  lower  (P<().()5)  2  daj’s  after  the  onset  of 
('strus  than  at  any  other  stage  of  the  cycle  or  ])regnancy  investigated.  Fifty 
days  after  removal  of  the  uterus  FSH  activity  was  significantly  lower  (P  <0.0.5) 
than  25  or  1 10  days  after  surgery.  Diffenuices  in  LH  activity  were  not  statis¬ 
tically  significant  at  any  of  the  stages  investigated.  Lactogenic  hormone 
l)otency  increased  during  the  cycle  and  advancing  stages  of  pregnancy.  Follow¬ 
ing  removal  of  the  uterus,  the  (piantity  of  this  hormone  was  greater  than  during 
l)regnancy. 

There  was  a  mark('d  decrease*  in  the  jerogeste'rone  concentration  in  the 
corpus  luteum  1 10  days  after  subtotal  hysterectomy.  In  vitro  synthesis  of  this 
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horinonc  hy  lutoal  tissue  was  observed  2o.  oO  ami  1 10  <lays  after  removal  of  tlu* 
uterus. 

Gilts  are  u.scful  (*xp(“rini(‘ntal  aniinaljs  for  iiive.stifratioiis  dealing  with 
mammalian  rt'produetion.  They  are  litter  bearing  and  polyestrcjus 
throughout  tin*  y(*ar.  The  averagt*  length  of  (‘.strous  eyeles  i.s  21  days  and 
of  pregnancy  is  IIR  days.  Ovulation  is  spontaneous  and  corpora  lutea  are 
functional  during  the  non-fertih*  cych*.  F'urthermon*,  various  organs  of  tin* 
reproductive  tract  provide*  ade'tpiate  amounts  of  ti.ssue  for  morphological, 
physiological  and  biochemical  studies. 

This  investigation  deals  with  the  etlect  of  subtotal  hysterectomy  on 
ovarian  function  in  the  gilt.  Duncan  ct  al.  (1)  have  re'ported  that  subtotal 
hysterectomy  prolong(*d  the  functional  life  span  of  gilt  corpora  lutea  as 
indicated  by  progeste'rom*  cont(‘nt  and  the  capacity  of  luteal  ti.ssue  to 
.synthesize  this  hormone*  in  vitro. 

EXPERIMEXT.\L  l*Ue)e’EI)URE 

Thirty-five*  crossbre'd  silts  rausius  from  (i  to  S  mouths  of  as«“  were*  use*el  as  e*.\))e*ri- 
me*utal  animals.  Estrems  be*havie)r  was  e*he*e*ke*d  elaily  with  vaseeteemize'el  beears.  The* 
e)e*e*urre*!ie*e*  eef  neirmal  e*.stre)us  e*ye*le*s  was  obse*rve*el  in  all  animals  be*fe)re*  plaeing  the*m  e»n 
e*x|)e*rime*nt.  ."'ubteetal  hystereeteeinv  in  this  stuely  e*einsiste*el  eef  the*  surgical  removal  eef  the* 
uterus  from  the  tubee-uterinc  junetieen  eef  e*ae*h  heern  tee  the*  mielelle  eef  the  cervix.  In  .some* 
expe‘rime*ntaEgre)ups,  ivlatively  smalle*r  |)e)rtions  e>f  the*  uterus  were  remove*el.  Ovielue  t.*“ 
anel  the*  peesterieer  half  etf  the  e*ervix  re*maine*el  intact  in  all  animals  in  this  stuely.  The  lat- 
te*r  was  met  re*move*el  bee*ause  eef  its  re*lative*ly  inace*e*ssible*  jM*lvie*  loe*atie)n  in  the  gilts. 

In  f)  grenips  eef  gilts  with  'y  animals  pe*r  greni])  the*  folleewing  parts  of  the  uteri  were* 
e*xcise*el:  (Jreeui)  1.  right  anel  le*ft  heerns  inclueling  boely  anel  ante*rior  half  of  the  cervix: 
( Irouj)  2.  right  anel  le*ft  heerns;  ( Ireeu])  ’i,  the*  le*ft  horn,  ])e)ste*rie)r  thre*e‘-fe)urths  eef  right  heern 
inclueling  bexly  anel  ante*rie)r  half  eef  e*e*rvix;  (-renip  4.  the*  left  heern,  leeesterior  half  eef  right 
heern  inclueling  beidy  anel  anterieir  half  e»f  e*e*rvix:  (Jreiu])  .o,  the*  le*ft  heern  anel  anterieer  half 
e)f  the*  right  Imrn;  anel  (Iremp  H.  the*  pe)ste*rior  halve*s  of  the*  right  anel  left  horns  inclueling 
beeely  anel  ante*rie)r  half  e»f  e*e*rvix.  In  sham-e)pe*rate*el  gilts.  (Iremp  7,  lai)are)te)mie*s  we*re* 
pe*rfe)rme*ei  anel  the*  ute*ri  we*re*  manipulate*el  but  re*maine*d  intae*t.  Figure*  1  sheews  the*  re*- 
pre)due*tive*  trae*t  e)f  the*  gilt  :iud  the  ske*te*he*s  inelie*ate*  pentieens  eef  the*  ute*rus  re*taine*el  by 
animals  in  varieeus  grenips  fedleiwing  subteetal  hy.ste*re*cte)my. 

Each  animal  was  aelministe*re*el  intramuscularly  10  mg.  e>f  tran(iuilize*r  (Trilafem, 
Se*he*ring  Deirp.).  This  was  fe)llowe*el  by  inje*ctie)n  of  00  ce*.  etf  2%  Pre)e*aine*  (.Kbbettt 
Eabe)rate)rie*s)  in  the*  are*a  etf  the*  ine*isietn.  .\  ventral  miel-line*  lajtarettetmy  was  use*e|.  .\11 
hyste*re*ctetmie*s  anel  sham  etpe*ratietns  we*re*  iie*rfetrme*el  eluring  the*  lute*al  phase  etf  the*  cye*le*. 
elays  S  thretugh  1 1.  and  the*  e*etrpetra  lute*a  we*re*  marke*el  with  e*arbetn  fetr  subse*eiue*nt  iele*n- 
tifie*atietn  at  slaughte*r.  Ste*rile*  animal  e*hare*etal  was  itlace*d  in  e*ach  e*etriius  lute*um  with  a 
ste*rilize*d  elisse*e-ting  ne*e*tlle*.  Le*ngth  etf  the*  ute*rine*  hetrns  was  me*asure*il  with  a  pie*e*e*  eti 
sterile*  cottetn  e*orel  at  the*  time*  etf  surgery.  Furtherinetre*.  numbe*r.  size*  and  characteristics 
of  the*  e*orpetra  lute*a  were  re*cetrde*d.  .V  “Petlyettic  ()ble*t”  (.\me*rie*an  Cyanamiel  Cet.),  cetn- 
taining  .500  mg.  of  te*tracycline  hyelretchletrieh*.  was  place*d  in  the*  |te*rit<tne*al  cavity  prieti 
tet  suturing. 

(lilts  we*re*  che*cke*il  elaily  fetr  e*stius  btlleiwing  surge*ry.  'I  wei  he*at  |tcrieitls  we*re*  etb- 
.se*rve*el  petst-surge*ry  anel  the*  gilts  we*re*  slaughte*re*el  fretin  elays  S  thretugh  1  I  fetlletwing  the 
se*e*etuel  e*strus  in  (Iretups  2.  4.  .5,  0  anel  7.  .\nimals  in  (Iretups  1  anel  2  nett  shetwing  e*stretib 
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Fig.  1.  Roproductivc  tract  of  frilt.  Tlic  .sliadcd  areas  in  the  smaller  sketches  indicate 
portions  of  the  utcTUs  retained  by  individuals  in  different  experimental  jFroups. 
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behavior  after  surjrery  were  slau<!;htered  119  to  121  days  followinjj;  the  I'strus  prior  to 
experimental  treatment,  (lilts  in  (Irou])  3  were  slau^Thtered  (58  to  78  days  folio wiiif;  the 
‘■strus  either  prior  to  or  after  subtotal  hysterectomy.  Pituitary  glands  from  animals  in 
•Iroup  1  were  removed  and  frozim  immediatidy.  llach  anterior  lobc'  was  individuall>' 
I  valuated  for  FSH,  LH  and  lactoKimic  hormone  activities  by  bioassay  methods  previ- 
i-usly  de.scribed  by  Day  et  al.  (2). 

The  initial  pro)!;esterone  concentration  in  luteal  tissue  and  the  capacity  of  the  tissue' 
lo  syntlu'size  this  hormone  in  vitro  were  determined  2o,  oO  and  1 10  days  after  removal  of 
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the  uterus  (from  mid-cervix  to  tubo-uterine  junctions)  in  1 1  gilts.  Procedures  for  quanti 
tative  estimation  of  progesterone  and  for  evaluating  in  vitro  progesterone  synthesis  havi 
been  descrilx'd  by  Duncan  et  al.  f3). 


RESULTS 

The  influence  of  various  types  of  subtotal  hysterectomies  and  sham 
operations  on  the  occurrence  of  estrus  are  summarized  in  Table  1.  Tal)l< 
2  sliows  the  effect  of  uterine  extirpation  on  tlie  weight  of  the  corpus  luteum. 
FSII,  LH  and  lactogenic  hormone  activities  of  pituitaries  of  gilts  at  dif¬ 
ferent  stages  of  the  estrous  cycle,  pn^gnancy  and  following  subtotal  hyster- 


T.\bi.e  1.  Effect  of  si  btot.m.  hysterectomy  ox 

ESTRUS 

droup 

Part  of  uterus  remaining  in  animal 

Number 

of 

Estrous  cycle  interval 
following  operation 

Hilts 

First 

Second 

I 

Posterior  half  of  cervix 

o 

da 

none 

ys 

2 

Hody  and  cervix 

4 

noni' 

I 

2(i 

31 

3 

.\nterior  one-fourth  of  right  horn  and  posterior 

3 

none 

half  of  cervix 

2 

28  ±1* 

none 

4 

.\nterior  half  of  right  horn  and  posterior  half 
of  cervix 

5 

32  ±G 

23+0 

5 

Posterior  half  of  right  horn,  l)ody  and  cervix 

5 

25+2 

25  ±2 

C 

Anterior  halves  of  right  and  left  horns  and  pos¬ 
terior  half  of  cervix 

5 

23  +  1 

24+2 

7 

Sham  ojieration,  uterus  intact 

5 

21  ±0 

22  ±0 

“  Mean  ±  standard  error. 


('ctomy  ar(‘  presented  in  Table  3.  Table  4  is  a  summary  of  tlu*  efft'ct  of 
removal  of  the  uterus  on  luteal  progesteroiu*. 

DISCUSSION 

(Jilts  with  only  the  posterior  half  of  the  cervix  intact  did  not  show 
(‘strus  during  a  12()-day  period  following  the  last  heat  prior  to  .surgiuy 
(droup  1,  Table  1).  Furthermore,  estrus  was  not  ob.served  for  the  sana 
period  of  time  in  4  of  .5  animals  with  the  body  and  cervix  pres(*nt  (droup 
2).  One  animal  in  this  group,  however,  did  show  a  first  estrous  cych'  inter¬ 
val  of  2()  <lays  following  subtotal  hysteri'ctomy  and  a  s(*cond  of  31  days. 
Tliis  gilt  was  slaughtered  11  days  after  the  second  estrus.  The  quantity 
andgro.ss  morphology  of  the  residual  n'productive  tract  in  this  animal  wa 
comparabh'  to  that  pri'sent  in  th(‘  4  which  did  not  redurn  to  estrus  Ix'fon 
.slaughter  at  120  days.  The  carbon-marked  corpora  lut(‘a  were  pri'sent  ii 
all  9  animals  in  droups  1  and  2  which  did  not  show  estrous  behavior. 
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TaBI.E  2.  l-'.FFECT  OF  SI  BTOTAI,  HA'STEKECTOM Y  ON  LFTEAI,  WEKiHT 


(  irolip" 


Average  sla>inl>1‘‘i’ 


Avfra}ji‘  iiuinhcr  of 
corpora  lut(‘a  per 
animal 


Avcrajjc  corpus  liitciim 
wcijjlit 


ll.s. 

385 

387 

385 

325 

310 

322 

301 


13 

13 

11 

15 

13 

10 

13 


“  Five  animals  in  each  ni'oup;  see  Table  1  for  fjroup  ilescriptions. 
*’  Mean  ± standard  error. 


mts- 

455  ±  25'‘ 
400+28 
453+28 
035  +  08 
522  ±32 
(>03  +  70 
022  ±88 


Du  Mpsiiil  Du  Buisson  and  Dauzior  (u)  roportod  porsistonro  of  corpora 
l.itt'a  for  117  days  with  ovulation  occurring  about  200  days  after  the  last 
( s  rus  in  hysterectomized  sows  which  were  pregnant  and  non-pregnant  at 
the  time  of  surgery.  Spies  cl  al.  (0)  hysterectomiz(‘d  4  gilts  in  early  luteal 
jthase  of  the  cycle  and  observed  no  heats  prior  to  slaughter  .42,  71,  72  and 
119  days  after  last  estrus. 

The  results  obtaint'd  from  gilts  in  (Iroups  1  and  2  suggest  that  the 
jtrt'.sence  of  either  the  posterior  half  of  the  cervix  or  the  body  and  cervix. 

Table  3.  FSH,  LH  and  i,ac’to(;eni('  hormone  activities  of  anterior  lobe  of 

PIT!  ITARY  OLANDS  FROM  (ilLTS  AT  DIFFERENT  STAGES  OF  CYCLE, 

PREIi.NANCY  AND  POST-II YSTERECTO.MY 


Stage  of  gilts® 

XumlHT 

of 

gilts 

.Average 

slaughter 

weight 

1  )ry 
weight 
anterior 
lobe  of 
pituitary 

FSH  assay 

uterine 

weight*’ 

LH  assay 

ventral 

prostate 

weight® 

Lactogmuc 
hormone 
per  mg. 
anterior 
jiituitary 

days 

lbs. 

mg. 

mg. 

mg. 

i.r. 

lustrous  cvcle 

2 

0 

217 

38 

85  (0)<‘ 

43  (3)-* 

0.2  (O)-* 

10-12 

(i 

220 

39 

125  (0) 

01  (4) 

0.3  (0) 

17-19 

0 

249 

38 

131  (0) 

.50  (3) 

0.4  (0) 

Pregnanev 

25 

0 

280 

41 

no  (0) 

04  (3) 

0.4  (0) 

85 

0 

299 

.50 

131  (0) 

07  (0) 

0 . 5  (0) 

I’ost-hvsterectomv 

25 

3 

270 

51 

115 (3) 

02  (3) 

1.3(3) 

.50 

2 

290 

57 

07  (2) 

.50  (2) 

0.8  (2) 

110 

.5 

385 

08 

101  (.5) 

02  (5) 

1.2  (.5) 

<  'ontrol  rats 

1)  Clyde  and  pregnancy  38(8)®  44(5)® 

2)  Po.st-hysterectomy,  25  and  .50  days  35  (8)  44  05) 

3)  Post-hysterectomy,  1 10  days  32(0)  44  (0) 

*  C'ycle  and  pregnancy  data  from  Duncan  (4). 

Uterine  weights  represent  the  mean  of  2  levels  with  total  doses  of  4.0  and  9.3  mg. 

'  Ventral  jirostate  weights  represent  the  mean  of  2  levels  with  total,<loses  of  3.5  and  10.5 
IK- 

‘I  Number  of  jiituitaries  assayed. 

'  Number  of  rats. 
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in  the  majority  of  animals,  does  not  appear  to  iiiHiumce  the  regression  ot 
corpora  lutea  under  conditions  of  the  expc'riments  n^ported.  However, 
these  data  show  that  tlie  absence  of  non-gravid  uterine  horns  has  a  similai 
influence  on  the  life  span  of  th(‘  corpora  lutea  as  the  presence  of  pregnant 
horns.  In  192:1,  Lo(‘b  (7)  n^ported  compl<‘t('  or  almost  complete  (*xtirpa- 
tion  of  the  ut(*rus  of  the  guiiK'a  pig  prolong(*d  luteal  function. 

The  relationship  of  diflerent  portions  of  the  uterine  horns  and  the  occur- 
renc(‘  of  estrous  cycl(‘s  following  subtotal  hysterectomy  is  indicated  by 
r(‘sults  obtaiiK'd  in  (boups  4,  o  and  (i.  Thnn*  of  o  gilts,  with  the  anterior 
oiu'-fourth  of  th(*  right  horn  and  the  posterior  half  of  the  cervix  intact,  did 
not  show  (‘strus  following  surg('ry  (Clroup  :i).  These  S  animals  were  slaugh¬ 
tered  72,  7()  and  77  days  after  the  heat  prior  to  experimental  treatment  and 
carbon  markerl  corpora  lutea  were  present  in  each  gilt.  First  estrous  cycle 


Tabi.e  4.  Kkkei  t  ok  si  btotal  hystekectomy  ox  brooesteroxe 

COXCEXTRATION  IX  CORPORA  LUTEA 


Xumher  of  days 
to  slaughter 
after  removal 
of  uterus 

X  umber 
of 

gilts 

Average 
number  of 
eor])ora 
lutea 

Average 
weight  of 
total  luteal 
tissue  per 
animal 

Proge 

Initial 

sterone  concentration 

.\fter  2  hrs.  , 
incubation 

gm. 

Mtt/gni. 

25 

4 

0 

4.3 

KO 

12.5 

4.5 

.50 

2 

10 

.5.S 

04 

no 

40 

no 

3 

10 

4.0 

38 

'104 

00 

no 

2 

10 

0.0 

22 

— 

intervals  of  26  and  29  days  were  observed  following  subtotal  hysterectomy 
in  2  gilts  in  (Iroup  ‘■i.  However,  a  s(*cond  estrus  was  not  detected  in  these 
2  gilts  and  they  were  slaughtered  7S  and  68  days  after  the  first  post- 
surgir  y  lu'at.  Th(‘  averagi'  (‘strous  cycl(‘  interval  in  Groups  4,  o  and  6  was 
25  days  (range  19  to  57)  as  compared  to  21  days  (range  20  to  2:i)  for  the 
same  animals  prior  to  experimental  treatment.  Carbon  marks  in  th(' 
stroma  of  tlu*  ovaries  as  w(41  as  unmark(*d  corpora  lutea  were  observed  at 
slaughter  in  2  gilts  in  Group  and  in  all  animals  in  Groups  4,  5  and  6. 
Th(‘  5  sham-op(‘rat<‘d  gilts  in  Group  7  maintained  normal  (*strous  be¬ 
havior  and  (*st rolls  cycle  intervals  following  surgery.  A  delay  in  estrous 
cycle  intervals  of  li  to  4  days  in  Groups  4,  5  and  6  as  compared  to  Group 
7  would  sugg(*st  that  a  decidual  ri'action  may  occur  in  the  gilt  when  the 
endometrium  is  cut  at  the  time  of  subtotal  hysterectomy.  Data  sum¬ 
marized  in  Tabh*  1  suggest  that  retrogressive  transformation  of  active 
corpora  lutea  to  corpora  albicantia  during  each  non-fertile  cycle  is  de- 
pimdent  upon  a  stimulus  from  the  uterine  horns.  The  results  from  th( 
majority  of  animals  (:i  of  5)  in  Group  .4  showed  that  the  anterior  quartei 
portion  of  one  uterine  horn  was  insufficimit  uterine  tissue  to  induce  regres¬ 
sion  in  corpora  lutea.  However,  this  quantity  of  tissue  may  be  considered 
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lireshold  in  tlie  two  animals  in  (Jroup  d  wliicli  did  show  estrous  cycles, 
iarger  amounts  of  either  om*  or  both  horns  were  adequate  for  luteal  regres- 
ion  as  shown  by  CJ roups  4,  5  and  (i.  .\  specific  or  localized  anatomical 
•(‘gion  does  not  secun  to  be*  involved  in  tlu'  pig.  dross  mammary  develop- 
iK'nt  was  not  obs('rv(‘d  in  any  of  tlu*  gilts  in  the.s(‘  7  (“xperimental  groups. 

In  the  case  of  the*  guiiu'a  pig,  the  life  span  of  the  corpora  lutea  was 
onu'what  prolonged  when  one-third  or  oiu'-fourth  of  the  uterus  was 
illow<‘d  to  remain  intact  (7).  Morphologic  changes  in  the  endometrium 
vhich  occur  during  the  diffenait  phas(‘s  of  the  estrous  cycle  are  probably 
elated  to  changes  in  physiologic  activity  of  the  endoiiKdrium.  The  absence 
)f  this  endometrial  stimulus  in  gilts  in  droups  1,  2  and  d  could  explain 
die  per.si.st(‘nce  of  functional  corpora  lutea  and  the  absence  of  estrous  cycles. 

Lo(*b  (S)  has  discussed  the  similarity  between  the  effect  of  pregnancy 
ind  of  hysterectomy  on  the  guinea  pig  corpus  luteum.  He  suggested  the 
possibility  that  in  pregnancy  a  functional  inactivation  of  the  uterine 
mucosa  is  responsible,  at  least  partially,  for  the  observed  effects  on  the 
corpus  luteum.  According  to  Bradbury  ct  al.  (t)),  in  some  species  it  appears 
that  then*  may  be  luteolytic  substances,  espi'cially  in  the  endometrium, 
which  hastiai  the  involution  of  the  corpus  luteum  in  non-fertile  cycles, 
llesults  from  a  .study  of  factors  influencing  in  vitro  synthesis  of  progester- 
oiK*  by  Duncan  et  al.  (1)  indicate  that  endometrial  filtrate's  from  days  12 
and  18  of  the  estrous  cycle  increased  in  vitro  synthesis  by  gilt  luteal  tissue 
whereas  filtrates  from  days  Ki  and  IS  showed  an  inhibitory  effect  on 
liormone  production.  However,  these*  facteirs  may  influemce  luteal  tissue* 
activity  in  vitro  but  may  not  be*  involveel  with  corpus  luteum  functiem  in 
vivo. 

The  results  obtaine*d  from  the  investigation  presente*d  here  suggest  that 
a  stimulus  may  be*  produced  by  the  uterus  during  the*  non-fertile  cycle 
which  could  be  directly  or  indirectly  responsilde  for  the  regression  of  the 
e*orpus  luteum.  This  stimulus  coulel  be*  a  hormone  or  a  local  neurohumoral 
substance.  A  hormone  proeluce*d  by  the  uterus  anel  transported  by  the 
l)lood  anel  lymph  may  have*  either  a  elirect  effect  on  the  ovaries  or  an  in¬ 
direct  action  by  way  of  the*  pituitary.  A  neurohumoral  substance  proeluced 
by  the  enelometrium  may  influe*nce  nervous  activity  anel  there*by  modify 
ovarian  function  through  pituitary  cemtred.  Me)ore*  anel  Xalbanelov  (10) 
have  elemon.strate*el  neurogenic  e*ffe*cts  of  uterine*  elistentiem  on  the  e*.strous 
cycle  of  the  ewe.  Han.se*!  anel  \Vagne*r  (11)  have  observe'd  that  uterine  elila- 
tation  moelifie*s  the  length  of  the*  beevine  cycle*.  Me*tabolic  utilization  of 
luteal  proge'stins  by  the*  ule*rus  may  al.so  influence  the  life*  span  of  the  corpus 
luteum.  The*  anterior  one-fenirth  e)f  one  uterine  horn  ((Iroiip  8)  may  ap¬ 
proach  the  epiantity  e)f  ute*ru.s  nece*.ssary  to  metabedize  the  ovarian  proge*s- 
tins  anel  the*re*by  re*eluce*  the*  cire*ulating  leved  of  the*.se*  .substance's.  This 
woulel  be*  followe*el  by  lute*al  re*gre*.s.sion  anel  sub.sequent  gonaelotrophin  re*- 
le*ase.  Du  Mesnil  Du  Bui.s.son  (18)  partially  hysterectomize*el  gilts  eluring 
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the  luteal  phase  of  the  cycle.  When  the  length  of  the  remaining  anterior 
part  of  one  uterine  horn  exce(*de(l  2(1  cm.  (about  one-fourth  of  a  horn)  es- 
trouscyclescontiniKHl,  however,  wlum  le.ss  then  2(5  cm.  of  one  horn  remained 
intact  (‘striis  was  inhibited.  In  tin*  latt(‘r  ca.s(*  a  unilateral  rc'gression  of 
corpora  lut(*a  was  obs<*rv(“d  on  tin*  ovary  on  the  side  of  the  conserv('d  uter¬ 
ine  fragment  whereas  corpora  lut(*a  retained  their  typical  functional  ap¬ 
pearance  on  the  opposite  ovary.  However,  a  consistent  unilateral  luteal 
regn'ssion  was  not  observed  on  the  ovary  on  the  side  of  a  part  of  a  remain¬ 
ing  uterine  horn  in  groups  8,  4  and  5  in  this  .study  reported  here. 

In  a  preliminary  study  it  was  observed  that  the  life  span  of  corpora 
lutea  was  extended  in  animals  following  the  injection  of  an  irritant  or  corro¬ 
sive  in  the  lumen  of  the  uterim*  horn.  The  left  horn  was  removed  from  the 
tubo-uterine  junction  to  the  body  of  the  uterus  in  4  gilts  on  day  11  or  12  of 
the  cycle.  The  lumen  of  the  right  horn  and  body  was  inject{'d  with  one  of 
the  following:  (1)  12o  ce.  of  10%  tannic  acid;  (2)  oO  cc.  of  12.5%  phenol; 
(8)  70  cc.  of  Bonin’s  fluid;  or  (4)  180  cc.  of  10%  silver  nitrate.  These  ani¬ 
mals  were  slaughtered  47  or  4S  days  after  the  estrus  prior  to  treatment. 
Histologic  examination  of  uterine  tissues  indicated  that  both  tannic  acid 
and  Bouin’s  fluid  caused  necrosis  of  the  endometrium.  Following  phenol 
the  glandular  epithelium  was  cuboidal  whereas  the  epithelium  of  the  endo¬ 
metrial  stroma  was  a  low  columnar  type.  Silver  nitrate  induced  chronic 
ulceration  (endometritis)  and  atrophy  of  glandular  epithelium.  It  is  of  in- 
ter(‘st  that  pinsistent  corpora  lutea  are  pn'scmt  in  cows  wi'th  pyometra. 
Kstrous  behavior  was  not  observ(Hl  in  these  gilts  during  this  period  and 
the  carbon-mark(‘d  corpora  lutea  were  pres('nt  at  the  termination  of  the 
(‘xperiment.  These  findings  indicate  irritants  and  corrosives  modify  uterine 
function  in  such  a  way  as  to  bring  about  a  p(‘rsist(‘nce  of  corpora  lutea  and 
as  a  re.sult  no  estrous  cycl(*s  occur.  In  contrast  to  these  observations,  estrus 
was  observed  in  animals  with  only  the  posterior  half  of  the  right  uterin(‘ 
horn,  l)ody  and  cervix  intact  (Table  1,  (Jroup  5).  This  horn  of  these  animals 
was  not  treated  with  chemicals.  Hansel  and  Wagner  (11)  have  reported 
alteration  of  bovine  estrous  cycles  and  luteal  function  following  infusion  of 
seminal  and  preputial  fluids  as  w(*ll  as  .seminal  sediment.  These  findings 
suggest  a  modification  of  ut(‘rine  function. 

There  was  no  significant  diffenmce  at  the  5%  level  between  Groups  1,  2, 
8,  4,  5  and  7  (Table  2)  with  n'spect  to  average  corpus  luteum  weight. 
Corpora  lutea  in  Group  6  were  significantly  heavier  than  in  Group  2 
(P  <0.05).  Nine  of  15  gilts  in  Groups  4,  5  and  7  had  an  average  of  10  cor¬ 
pora  lutea  of  which  7  in  each  gilt  were  hemorrhagic.  The  increase  in  organ 
weight  of  Groups  4,  5,  0  and  7  was  due  to  this  hemorrhagic  condition. 

The  bioassay  methods  employed  did  not  allow  for  a  direct  quantitative 
mea.surement  of  FSH  and  LH  activities  of  the  individual  pituitary  glands. 
However,  the  uterine  weight  response  was  considered  to  give  an  approxi- 
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nat(*  FSH  potency  and  tlu*  ventral  prostate  \v(‘ip:ht  was  used  to  estimate* 
dl  activity  (Talde  3).  The  FSH  activity  of  the  antc'iior  pituitary  2  days 
ifter  onset  of  estrus  was  significantly  lower  (P  <().0o)  than  any  other  stage 
)f  the  estrous  cycle  or  pregnancy  investigated.  At  25  days  and  110  days 
)ost-hyst(‘rectomy  I"SH  activity  was  comparable  to  that  ohs(*rv('d  during 
he  estrous  cycle*  anel  pre*gnancy.  However,  FSH  activity  was  significantly 
ower  at  50  elays  than  at  25  or  110  days  post-hyste*re*ctomy. 

There  was  no  ele*te*ctahle  LH  activity  2  elays  following  e'strus  anel  elitler- 
‘nce*s  among  re*proeluctive*  stage*  me*ans  we*re*  not  statistically  significant  in 
his  assay  (P  <0.05).  The*  re*moval  of  the*  ute*rus  eliel  not  appe*ar  te)  influe*ne‘e* 
LH  activity  e)f  the*  ante*rior  pituitary.  Pe*sults  pre*se*nte*d  in  Table*  d  show  an 
ncre*ase*  in  lactoge*nic  hormone*  pote*ncy  with  aelvancing  stage*s  e)f  the* 
v'strous  cycle*  anel  pre*gnancy.  The*  epiantity  of  this  hormone*  fedlowing 
hyste*re*ctomy  was  gre*ate*r  than  eluring  the*  cycle*  or  pre*gnane*y.  Duncan  et 
(/.  (1)  have*  previously  report e*d  that  ovine*  lactoge*nic  hormone*  eliel  ne)t 
have*  luteotrophic  activity  on  swine*  corpora  lutea  as  indicate*el  by  in  vivo 
and  in  vitro  e*xpe*riments. 

.\  elecre*ase*  was  observe*el  in  the  initial  proge*ste*rone  conce*ntration  in 
lute*al  tissue*  as  the  time*  inte*rval  increase*el  following  re*moval  of  the*  ute*rus 
(Table*  4).  This  may  indicate*  e*ither  a  ivduction  in  steroiel  proeluction  or  an 
incre*ase*el  rate*  of  synthe*sis  aiiel  re*le*ase*  of  proge*ste*rone*  from  corpora  lute*a. 
riie  initial  proge*sterone*  conce*nt ration  in  gilt  lute*al  tissue  25  anel  50  elays 
following  hysterectomy  was  comparable*  to  that  pre*viously  obse*rve*el  elur¬ 
ing  the*  lute*al  phase  of  the  cye*le*  anel  early  pre*gnane*y  (8).  Howlands  anel 
Short  (12)  reported  incre*ase*d  lute*al  size  and  proge^sterone  cone*entration 
following  hystere*ctomy  in  guine*a  pigs.  However,  the  concentration  in  gilts 
110  elays  following  removal  of  the*  ute*rus  was  comparable  to  that  founel  at 
00  and  102  days  of  gestation.  Luteal  tissue  from  animals  afte*r  hyste*r- 
(*ctomy  retained  its  capacity  to  synthesize  progesterone  in  vitro  as  inelicate*d 
ley  data  in  Table  4.  The  gre^ate*st  increase  was  ob.serve*d  in  tissue*  110  elays 
following  the  removal  of  the*  uterus.  The  incre^ases  at  25,  50  anel  110  elays 
after  hy.sterectomy  were*  comparable  to  those*  reporte*el  for  lute*al  tissue*s 
from  pre*gnant  animals  (8). 


REFERENCES 

1.  Duncan,  (1.  \V..  .\.  .M.  Oowkuman,  L.  L.  ANDURseex,  W.  H.  Hkaun  and  U.  .M. 
•Mklami’y:  Endocrinologi)  68:  199.  1961. 

2.  Day,  H.  X.,  L.  L.  .\ndkkson,  L.  X.  Hazkl  and  R.  M.  Mki.ami>y:  ,/.  Animat  Sri.  18: 
675.  1959. 

3.  Duncan,  G.  W.,  A.  .M.  Howkk.man,  \V.  R.  Hk.arn  and  R.  .M.  .Mkla.mpy:  Eror.  Sor. 
Exper.  Biol,  and  Med.  104:  17.  1960. 

4.  Duncan,  (L  W.:  Ph.D.  Dissertation,  Iowa  State,*  rniversity,  Anics.  1960. 

5.  Du  Mksnil  Du  Buisson,  F.  and  L.  Dauzier:  Colloeiue*  Sur  La  Re'production  e-t 
L’Inseniination  .\rtifie‘elli'  du  Pore.  .\nn.  Zootechnie,  S(>rie*s  D.  Supielenie'iit:  147. 
1959. 


-)K0  ANDERSON,  RETniER  AND  AfEEAMPY  Volinnc  Of) 


<i.  Si'iKs,  H.  (J..  I).  R.  ZiMMKKMAX.  H.  E.  Sklk  am>  I..  E.  Casida:  ./.  Aniiiiiil  Sci.  19: 
lOE 

7.  Eokh,  I^.:  I'rnc.  Soc.  r.xptr.  Hiol.  and  Mrd.  20:  ED.  I'.EJ^E 
S.  I.OKH.  E.:  Atnrr. ./.  1‘lii/sinl.  83:  202.  1027. 

0.  Rrahui  uv.  J.  I'..  \\’.  IE  Ruow.n  and  E.  .\.  (Irav:  Utmit  I'rogrrsit  in  llonnnnc  Rc- 
srnrrli  5:  EaI.  lO.jO. 

10.  .Mookk.  \V.  W.  and  .Y  \'.  Nai.iiandov:  Rnducrinologi/  53:  1.  1053. 

11.  IIanski..  \V.  and  \V.  ('.  Wacnkk:  J.  Dnirg  Sri.  43:  700.  1000. 

12.  Rowlands,  I.  \V.  and  R.  V.  Shout:  ./.  Kndocrimd.  10:  81.  1050. 

13.  Du  .Mksnil  Du  Huisson.  E.:  .\nn.  Biol.  anim.  Biorh.  Biophgs.  1:  105.  1001. 


THYROID-PITUITARY  FUKDBAC'K:  DIRIX'T  OR  I\- 
DIRFXT?  A  (’OMPARISOX  OF  TIIF  FFFIXTS  OF 
IXTRAHYPOTHALAMK'  AXD  IXTRAPITUITARY 
THYROID  AUTOTRAXSPLAXTS  OX  PITUITARY 
THYROIDF(TOMY  RFA(TIOXS  IX  THE  RAT' 

F.  M.  BOODAXOVIX  and  F.  V.  CMIABILL 

Department  of  Anatomij,  Alhainj  Medieal  College  of  I'nion  C airerritg.  Alhan;i.  Xeie  ]'ork 

ABSTRACT 

Tliyroid  autotransplants  to  tin*  liypoi)hys(‘s  of  thyroi(lcctomiz(‘(l  rats  re¬ 
versed  anterior  pituitary  tliyroi<lectomy  reaetions  in  a  fjraded  fasliion.  Near  the 
>i;rafts  the  reaction  was  strongly  inhihitt'd,  whereas  remote  i)ituitary  rejiions 
were  so  unaffectc'd  they  could  serve  as  intrinsic  controls.  Intermediate'  refjions 
exhibited  intermediate  thyroid  hormoiu'  effects.  Implants  of  control  tissue 
had  no  such  specific  effects.  Thyroid,  hut  not  control,  implants  in  the  hypothal¬ 
amus  produced  a  diffuse',  less  strikiiif?  inhil)itie)n  e>f  the  thyreeieh'cteemy  reactiem. 

The  interpre'tatieen  is  eeffere'd  that  this  inhibitieen  re'sidte-el  freem  a  elirect  thyreeiel 
effect  on  the  pituitary  thyreetreephs  and  ae'iele)i)hile's.  Kvielence  is  pre'sente-el  fa  veer¬ 
ing  this  suppositieen  over  the  alternative  ieh'a  that  the  hyieeethalamus  forms 
j)art  of  a  sleewly  re'acting  thyreeid-pituitary  fee'd-back  e'ircuit. 

THF  concept  of  thyroid-pituitary  feed-back  as  a  lioineostatic  nu'ch- 
anism  is  well  known.  It  n'sts  upon  tlu*  assumption  that  tlu're'  an'  spe¬ 
cific  n'ceptor  cells  which  n'act  to  their  environmental  thyroid  hormone 
(Til)  concentration  in  such  a  way  that  thyrotrophin  (TSII)  .seen'tion  is  in¬ 
creased  by  TII  deficiency  and  lowen'd  by  Til  excess.  Xeitlu'r  tlu'  natur(' 
nor  location  of  these  hypothetical  TH  rec('ptors  has  yet  b('('n  report('d. 

Interest  in  the  idea  that  such  n'ceptors  might  Ix'  locat('d  in  tlu'  hypo¬ 
thalamus  was  provoked  by  observations  that  .sp('cific  thyroid  (1)  and 
pituitary  (2,  B)  reactions  to  TII  (h'ficiency  can  b('  impain'd  by  hypothal¬ 
amic  le.sions.  Filler  and  Ilolmgn'ii  (4)  first  ('xamined  this  possibility  by 
comparing  the  effects  of  minute  intrapituitary  and  intrahypothalamic 
thyroxine  inj('ctions  on  TII  n'lea.se  in  th(*  rabbit.  They  found  that  only 
the  intrapituitary  injections  inhibiti'd  TSII  n'h'a.se.  Otlu'r  experiments 
have  shown  that  systemic  thyroxine  administration  can  depn'ss  or  abolish 
TSH  seen'tion  despite  the  disruption  of  .hypothalamic-pituitary  mc'ch- 

Rt'ccivcd  .liiuuarv  24,  1961. 

*  Sui)i)ort('d  largvlv  bv  grant  H-70S.  t'.S.B.H.S.;  ])r('S(‘nt('d  in  part  at  the  2nd  .\cta 
Kndocrinologica  ('ongres.s,  Edinburgh,  19.59.  (.Memoirs  Societv  for  Endocrinology 
Xo.  9,  .54,  1960). 

*  Present  addres.s:  Department  of  .Vnatomv  and  Phvsiology,  Indiana  rniversitv, 
Bloomington,  Indiana. 
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ani.sms  hy  liypophys(*al  transplantation  (o),  pituitary  stalk  section  (0),  or 
large  hypothalamic  lesions  (7,  S). 

These  collected  findings  do  localize  a  thyroid-pituitary  feed-back  cutoff 
mechanism  at  the  pituitary  level,  but  do  not  reveal  its  intrapituitary  locus. 
.Moreover,  they  do  not  eliminate  the  possibility  that  TH  may  also  act  via 
the  hypothalamus,  for  two  reasons.  Firstly,  evc'ii  n'peated  lu'gative  obser¬ 
vations  cannot  disprove  the  existence  of  a  thyroid-hypothalamic-pituitary 
f(‘ed-back  mechanism.  Secondly,  the  cited  experiments  wen*  all  done  on 
animals  which  initially  were  secreting  TSH  at  either  normal  or  subnormal 
rates.  However,  the  hypothalamic  TSH  influencing  mechanism  .seems  to  be 
involved  most  obviously,  if  not  exclusively,  in  supernormal  TSH  .secre¬ 
tion  (7,  9).  Even  if  it  could  be  as.sumed  that  TH  acts  .solely  by  an  adeno- 
hypophy.s(‘al  route  in  suppressing  relativ'ely  low  rates  of  TSH  secretion, 
it  does  not  necessarily  follow  that  it  uses  the  same  route  in  inhibiting  the 
higher  rates  which  are  elicited  by  thyroidectomy  or  goitrogen  treatment. 

In  contrast  to  the  ama.s.sed  negative  evidence  are  the  studies  of  Yamada 
(10-12),  which  demonstrate  that  intrahypothalamic  thyroxine  microinjec¬ 
tions  can,  indeed,  inhibit  TSH  secretion  in  the  rat.  Curiously,  although 
Y  amada  found  intrahypothalamic  and  intrapituitary  thyroxine  adminis¬ 
tration  to  be  about  equally  effective,  the  intrapituitary  injections  acted 
far  more  rapidly  (  <5  vs.  2-16  hours)  in  arresting  initialU'  normal  thyroid 
activity  (10,  12).  He  found  further  that  thyroxine,  injected  intrahypo- 
thalamically,  prevented  goitrogenesis  (11)  but  failed  to  report  whether 
intrapituitary  injections  al.so  could  prevent  this  pituitary  reaction  to  pro¬ 
longed  sy.stemic  lack  of  TH. 

We  have  attempted  to  compare  the  effects  of  locally  elevated  intrahy¬ 
pothalamic  and  intrapituitary  TH  concentration  on  the  microscopic  pitui¬ 
tary  thyroidectomy  reactions  of  the  rat.  In  this  species,  under  chronic  con¬ 
ditions,  pituitary  structure  varies  markedly  at  different  rates  of  TSH  secre¬ 
tion  (13,  14).  The  histological  approach  has  allowed  us  to  observe,  for  the 
first  time,  a  direct  action  of  TH  at  the  pituitary  cellular  level.  It  has  also 
yielded  other  observations  which  bear  pertinently  on  Yamada’s  findings 
and  argue  again.st  his  interpretation  (12)  that  dual  (hypothalamic  and 
hypophyseal)  TH  receptor  systems  are  involved  in  thjToid-pituitary  feed¬ 
back. 


PROCEDURES 

All  e.xperiments  were  done  on  adult  female  Holtznian  rats,  which  were  th\  roidecto- 
mized  under  ether  anesthesia.  To  effect  local  TH  replacement  in  the  brain  or  hypophysis, 
one  or  more  small  fragments  of  the  ablated  glands  were  implanted  intracranially  a  few 
(5-20)  minutes  after  thyroidectomy.  These  autotransplants  were  delivered  stereotax- 
ically,  as  described  by  Flerk6  and  Szentdgothai  (15)  in  their  study  of  comparable  ovarian 
grafts. 

Single  thyroid  fragments  were  put  in  (or  near)  one  adenohypophyseal  lobe  (usually 
the  left)  whereas  transplants  to  various  parts  of  the  hypothalamus  consisted  of  an  even 
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number  of  pieces  (2-8),  placed  bilaterally  in  approximately  symmetrical  positions  near 
the  midline. 

Controls  were  of  2  types.  Some  (unimplanted)  were  merely  thyroidectomized,  or 
thyroidectomized  and  deprived  of  a  small  piece  of  control  tissue  (ovary,  liver,  muscle 
or  salivary  gland).  Others  (implanted)  also  received  an  intracranial  autotransplant  of 
control  tissue. 

Three  consecutive  series  (H.  1,  .J)  of  about  60  rats  each  were  operated  upon.  They 
were  then  supplied  freely  with  commercial  diets’  and  tap  water.  The  H  series  receiv(‘d 
the  least  dietary  iodine,  J  the  most.  Only  89  rats  survived  the  exi)erimental  period.  Of 
these,  12  were  discarded  on  the  basis  of  radiometric  evidence  of  either  grossly  incom¬ 
plete  thyroidectomy  or  poorly  localiz«‘d  grafts. 

On  the  27th  postoperative  day,  each  survivor  was  injected  intraperitoneally  with 
about  25  juc  of  carrier  free  Xal”*.  It  was  killed  with  ether  21  to  27  hours  later.  The  fol¬ 
lowing  were  collected  for  radiometric  and/or  microscojjic  study:  a)  thyroidectomj-  site 
(pharynx,  larynx,  trachea,  esophagus,  infrahyoid  muscles  and  fascia,  removed  en  bloc 
between  the  hyoid  bone  and  manubrium);  b)  hypophysis  (in  most  cases,  along  with  its 
surrounding  dura  mater  and  adjacent  parts  of  the  Vth  nerves,  sphenoid,  occipital  and 
temporal  bones  and  varying  amounts  of  adherent  pharyngeal  roof  tissue);  brain,  which 
was  trimmed,  after  partial  fixation,  to  rectangular  blocks  containing  c)  anterior  hypo¬ 
thalamus  and  d)  posterior  hypothalamus  (as  well  as  the  overlying  regions). 

Block  (a)  was  placed  at  once  in  a  test  tube,  with  1  ml,  of  water,  for  subseqiumt  radio¬ 
activity  measurement.  The  other  specimens  were  fixefl  for  about  6  hours  before  being 
trimmed  and  transferred  to  counting  tubes  with  1  ml.  of  fixative.  Hypophyses  were 
fixed  in  SUSA-picric  acid  (9:1),  brains  in  10%  neutral  formalin.  Block  (a)  was  counted 
in  every  case,  but  the  activities  of  the  other  blocks  were  measured  oidy  if  they  wen' 
suspected  of  containing  thyroid  transplants  or  were  needed  to  establish  “tissue  back¬ 
ground”  (the  magnitude  of  radioactivity  in  the  ab.sence  of  such  grafts). 

The  specimens,  together  with  appropriately  diluted  1  ml.  aliquots  of  the  I'”  solution 
administered,  were  eounted  by  deep-well  scintilometry  7-14  hours  after  autopsy.  The 
concurrent  “dose  counts”  obviated  decay  correction,  .\fter  background  correction, 
specimen  and  dose  counts  were  used  to  calculate  I*”  “ui)take,”  or  more  i)recisely.  Rela¬ 
tive  .\ctivity  (R-\)  with  a  subscript  (a,  b,  c  or  d)  denoting  the  specimen.  RA  =  specimen 
activity  X2X 10’ ^dose  activity.  This  value  usually  approximated  the  actual  count 
/  minute  because  ealculated  dose  activity  was  usually  about  2X10’  counts/ minute. 

.\fter  being  counted,  thyroidectomy  site  blocks  were  discarded.  The  other  tissues 
were  returned  to  jars  containing  adequate  (about  50  ml.)  volumes  of  fixative,  in  which 
thej’  remained  for  3  da\'s.  The  prolonged  SUS.\  treatment  served  to  decalcify  juxtahypo- 
physeal  bone.  Further  processing  and  embedding  (in  56°  C  Tissuemat)  were  done  rou¬ 
tinely,  Two  sets  of  frontal,  10  interrupted  .serial  sections  (every  7th  and  8th,  9th  and 
10th)  were  prepared  from  ('ach  implant-bearing  brain  block.  One  set  was  stained  with 
thionine,  the  other  with  hematoxylin-eosin.  Complete,  4  to  10  /x  serial  sections  through 
the  hypophyses  wen*  cut  in  the  horizontal  plane  and  stained  with  Clomori’s  trichrome 
and  aldehyde-fuchsin  (.\F). 

OBSERV^\TIONS 

Thyroideciomy  Controh 

Neck  count  activity  (KAa)  varied  over  a  wide  range,  .sugge.sting  that 
some  residual  thyroid  tis.sue  was  often  present.  In  87  control  rats,  these 

’  Series  H  was  fed  Big  Red  dog  blocks,  stated  to  contain  0.2%  (»f  iodized  salt.  Series 
.1  got  Purina  Fox  Chow  (0.5%  iodized  salt).  Series  I  was  transferred  from  Big  Red  to 
Purina  after  about  2  weeks. 
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residua  rarely  appeared  to  impair  thyroidectomy  cell  development,  al¬ 
though  more  sensitive  indices  of  TH  effect  such  as  the  maintenance  or  res¬ 
toration  of  pituitary  acidophilic  (a)  and  or  aldehyde  fuchsinophilic  {0) 
granulation  generally  reflected  their  presence  (Table  1).  RAa  did  not  al¬ 
ways  correlate  closely  with  the  intensity  of  such  granulation.  There  were 
cas(‘s,  (‘sp(>cially  in  series  H,  in  which  the  adenohypophyses  appeared  de¬ 
void  of  granules  even  though  neck  counts  were  high.  The  radiometric 
method  thus  appears  extnmiely  .sensitive,  particularly  in  animals  on  a  low 
iodine  diet.  On  the  other  hand,  some  controls  exhibited  a  con.siderable  de¬ 
gree*  of  pituitary  a  and  granulation,  but  low  neck  activity.  This  dis¬ 
crepancy,  perhaps  attributable  to  ectopic  thyroid  re.sts,  sugge.sts  that  such 
r(‘sts  could  be  det(*cted  n'liably  only  by  more  extensive  radiometric  ex¬ 
ploration.  In  thyroidectomized  guinea  pigs,  Kochakian  and  Cockrell  (1(5) 
have  found  functional  thyroid  tissue  not  only  in  such  logical  remote  sites 
as  the  tongue  and  mediastinum,  but  even  in  salivary  gland! 

From  the  foregoing,  it  is  evidtmt  that  the  degree  of  thyroidectomy  in- 
comph'tene.ss  could  not  always  b(*  ascertaiiu'd.  Nevertheless,  it  .seems  rea¬ 
sonable  to  assume  that  the  incidence  of  seriously  incomplete  thyroidec- 
tomi(*.s  would  be  about  the  same  in  control  and  experimental  rats  (  <  10%). 
This  a.ssumption  is  necessary  to  interpret  the  findings  in  rats  with  hypo¬ 
thalamic  implants,  but  it  is  not  ne(‘ded  in  considering  the  engraft(‘d  hy¬ 
pophyses.  The  (pn'dominantly  unilat(*ral)  pituitary  grafts  exhibited 
sharply  limited,  concentric  zones  of  effect,  so  that  peripheral  pituitary 


Tabi.k  1.  Hksidi  ai.  nkck  radioactivity  (R.\a)  axd  hkstoi.ooic  criteria  ok 

TIIYROIDECTO.MY  INCOMPLETENESS  IN  37*  CONTROL  RATS 


Pituitary  iiuiipc.s  of  TH  titerf 


RAa 

H  .series  t 

I  si'ries 

.1  series 

IV  III  11  1 

IV 

III  II 

I 

IV 

III  II  I 

2. .5-  a 

xo  XOO 

X 

XXO  XXX 

.5.1-  10 

0 

XOO  0 

xo 

1 

0 

10.1-  25 

NO 

XX 

1 

25.1-  0!) 

0 

X 

X 

100  200 

.\  0  XOO 

xo 

X 

>200 

X  X 

*  21  iin|>lantp(i  (N)  and  Hi  uniinplantcd  (0)  controls.  See  text  (Ohservations-Control  Im- 
))lants  to  Brain)  for  further  deseription.  Kaeh  symbol  (.\  or  0)  =  i  rat. 

t  1  —  No  evidence  of  residual  TH.  Thyroidectomy  cells  well  develojied  (Fi<js.  5,  (>B)  and 
seen  throughout  anterior  lobe  (i.e.  in  every  high  power  field).  .Xeidophih's  and  .\F  -f-se- 
eretory  granules  absent. 

II  Slight  TH  effect.  Thyroidectomy  cells  as  in  I.  .\eidophiles  small  and  sparse.  .\F-t-.se- 
eretory  granules  absent  or  very  rare. 

Ill  Moderate  TH  effect.  Thyroidectomy  cells  similar  to  those  in  1  afid  II.  .\cidophiles 
numerous  and  often  large.  .\F  d-cells  jiresent  sparsely  or  in  moderate  numbers. 

1\'  Pronounced  TH  effect,  seen  in  3  controls.  In  2,  thyroidectomy  cells  were  somewhat 
reduceil  in  size  and  absent  from  the  periphery  of  the  gland,  a  picture  comparable  to 
Fig.  (>.\.  In  1  rat,  thyroidectom.\  cells  were  not  even  seen  and  the  gland  re.<emble<l 
that  of  a  euthyroid  rat.  .\cidophiles  wi-re  conspicuous  in  all  3. 

t  The  3  series  (11,  I,  J)  have  been  tabulated  separately  to  illustrate  the  influence  of  dietary 
iodi<le  levels  (lowest  in  H,  highest  in  J)  on  R.\a. 
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ivgioiis  particularly  th<‘  contralateral  anterior  lobes  could  s(*rve  as 
intrinsic  controls. 

T h yroid-engrnftcd  hypophyses 

Fig.  lA  indicates  various  graft  positions  in  r(*lation  to  tlu*  hypophysis. 
The  numl)(*rs  of  I'^‘-concentrating  thyroid  grafts  found  in  (*ach  (approxi¬ 
mate)  position  were:  a-2,  b-o,  c-o,  d-R,  e-4,  f-2.  The  grafts  in  the  f  position, 
and  one  in  the  a  position,  faihal  to  alter  the  microscopic  pituitary  reaction 
to  thyroidectomy.  Tlu*  other  IS  had  distinctly  localiz(‘d  efl‘(‘cts;  the  thy¬ 
roidectomy  naiction  app(‘ar(*d  unmodified  in  regions  remote  from  tin* 
grafts.  Each  engraft(*d  hypophysis  thus  served  as  its  own  control. 


c 


Fig.  1.  .V — Scheme  of  rat  hypophysis  and  trisominal  >ranf!;lia  in  liorizontal  section. 
The  various  graft  positions  are  indieati'd  by  black  dots  iabelled  a-f.  In  H,  C’  and  I), 
thyroid  grafts  are  shown  at  left.  In  I),  an  ovarian  graft  is  shown  on  the  right.  The  clear 
zones  (I)  adjacent  to  the  thyroid  grafts  were  |)opulated  only  by  small  chromophobes  and 
shrunken  aeidophiles.  More  peripherally,  the  striped  zones  (II)  indicate  regions  contain¬ 
ing  normal  or  large*  aeidojihiles,  but  no  thyrotrophie  forms.  The  black  zones  (III)  mark 
the  regions  wlu're  hypertrophic  .\F  +  cells,  as  well  as  acidoiihiles,  were  conci'iitrated. 
Stippled  zones  (IV)  are  tran.sitional  to  the  more  perijiheral  (ch'ar)  “control”  regions. 

Within  the  affected  regions,  adenohypophyseal  structure  varied  accord¬ 
ing  to  distance  from  the  graft  (Figs.  1  B,  C,  1)  and  2H).  The  pituitary  tis.sue 
adjacent  to  each  effective  transplant  re.sernbled  that  seen  in  rats  treated 
with  very  large  amounts  of  thyroxim*  (14,  17).  It  forimul  a  zone  (I)  ex¬ 
hibiting  only  small  chromopholx's  and  shrunkmi  acidophih's  (Figs.  2C, 
4F,  4C-bottom).  This  zom*  gave  way  to  a  region,  farther  removi'd  from  the 
graft,  in  which  large,  brilliantly  staining  .aeidophiles  abounded  (arrows. 
Figs.  21),  RE,  4C  -  middle  section).  Tin*  aeidophiles  formed  a  dense  band, 
prominent  uiuh'r  low  magnification,  at  tlu*  circumferenci*  of  zom*  I.  Th(‘ 
inner  part  of  this  band  (zone  II)  appeared  to  lx*  devoid  of  thyrotrophs;  in 
its  outer  i)arts  (zone*  III)  were  scmmi  tlu*  “thyroidectomy  c(‘lls’’  clo,s(*st  to 
tlu*  graft.  Th(*s(*  c(*lls  w(*r(*  g(*n(*rally  small(*r,  l(*ss  vacuolat(*d  and  h*.ss 
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iumeroufs  than  tlio  thyroidectomy  cells  in  more  remote*  regions  (Figs.  2K 
s.  E',  4C-iipper  left  vs.  E).  Frequently  (in  15  of  the  IS  affected  zones)  a 
iumber  of  them  contained  AF  stainable  material  (Fig.  2E  and  F). 

These  AF+  cells  did  not  conform  in  shape  to  the  classical  (3  cell  (IS,  If)) 
r  thyrotroph  (20-22).  Instead,  they  re.sembled  the  hypertrophic,  vacuo- 
ited,  AF-|-  cells  which  often  are  pathognomonic  of  mild  TII  deficiency 
13).  Such  cells  were  numerous  and  ubiquitous  in  the  adenohypophyses  of 
'  of  the  3  inadequately  thyroidectomized  controls.  They  w<‘re  not  always 
umerous  in  the  thyroid-engrafted  hypophyses  but,  when  present,  they 
distinctly  were  concentrated  in  the  outer  part  of  the  acidophilic  band, 
.'i'heir  pre.sence  made  the  transition  between  the  inner  and  outer  parts  of 
\  his  band  quite  sharp. 

The  transition  between  the  acidophilic  band  and  the  “control”  regions 
of  the  anterior  lobe  was  gradual.  The  concentration  of  acidophiles  and 
hypertrophic  /3  cells  decreased  as  typical  thyroidectomy  cells  increased  in 
size  and  numbers.  At  a  variable  distance  from  the  graft,  an  approximate 
limit  could  be  assigned  to  the  effect  (Figs.  2A,  3B,  4B).  Beyond  this  limit 
v('ry  few  AF-positive  cells  or  acidophiles  w(*re  discernible  and  the  thy¬ 
roidectomy  reaction  appear(*d  classical  (23)  or  only  mildly  impaired. 

The  effectiveness  of  a  graft  seemed  to  be  correlated  more  with  its  posi¬ 
tion  than  with  its  I'*'  uptake  which  is  not,  at  best,  a  direct  index  of  TII 
s(‘cretion.  In  the.se  experiments  (in  which  dietary  iodine  content  varied) 
it  could  serve  reliably  only  as  a  qualitative  indicator  of  functional  thyroid 
tissue. 

The  affected  zones  were  not  spherical.  They  extended  least  far  anteriorly 
and  reached  farthest  po.steriorly  (perhaps  also  laterally).  Their  medial 


Fig.  2.  Double  thyroid  graft  in  position  a  (accidentally  placed  adjacent  to  hypophy¬ 
sis).  .\ — 17  X  sketch  showing  graft  placement,  concentric  zones  1-IV  (see  legend  Fig.  1) 
and  loci  of  medium  (86 X)  and  high  (380 X)  power  views.  B — Rectangle  indicated  in  \, 
showing  eondition  of  graft  and  precise  loci  of  Figs.  C-F  in  zones  I-IV.  C — Zone  I. 
Vrrows  point  to  shrunken  acidophiles.  C — C'omparable  contralateral  area  with  few 
acidophiles  and  many  thyroidectomy  cells.  Some  thj’roidectomy  cells  in  this  region 
(zone  IV?)  containe*!  .\F-|-  secretory  material  (flouble  arrow  labelled  AF).  The  nvijorit3' 
contained  onh*  a  dense  spot  of  AF -|-  material  in  the  Golgi  region  (single  arrow.s). 
1) — Zone  II,  inner  j)art  of  acidophilic  band.  .Arrows  indicate  large  acidophiles.  Clear 
area  marked  off  in  upper  right  corner  is  suggestive  of  earh'  thyroidectomy  forms. 
D' — Comparable  contralateral  area  showing  large  vacuolated  thyroidectomy  cells  with 
■  F-F  material  visible  onh'  in  the  Golgi  region  (arrows).  K — Zone  III,  outer  part  of 
ccidophilic  band — showing  large  vacuolated  cells  staining  intense!}'  with  .\F  (black). 
1' — Transitional  zone  (IV)  with  larger,  less  intensely  .\F-)-  thyroidectomy  cells  (arrows), 
but  fewer  acidophiles.  F'.  F' — Comparable  contralateral  regions,  entirely  similar  to  I)'. 
G — Region  at  e.xtreme  left  posterior  tip  of  adenohypophysis.  This  was  the  only  area  in 
'he  left  lobe  within  which  normal  thyroidectomy  forms  could  be  found. 


Fig.  3.  Hypophyt^Ls  brarins  thjToid  graft  (position  o)  in  loft  IoIh*  and  scar  at  siti*  ol 
resorption  of  liver  implant  in  right  lobe.  A — lOX — Indicates  loci  of  B  and  ('.  B — 138X 
— Shows  affected  and  “control”  zones,  condition  of  graft  and  loci  of  Figs.  I)-F  (330X) 
Dashed  lines  surround  transitional  region  which  is  occasionally  very  narrow  (arrows) 
Arrows  in  Ft  indicate  thyroiflectomy  cell  vacuoles.  Arrows  in  F  and  F  indicate  acido- 
philes.  C  and  G — 13SX  and  33()X — Thyrohh'ctomy  cells  (arrrtws)  adjacent  to  implant 
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honli'is  usually  a])])(‘ai(‘(l  (iu  liorizontal  section)  to  have  the  eliaraet(‘ristie 
streamlined  shape'  (h'pieted  in  Figs.  1,  and  1.  These*  e)l)se'i  vatie)ns  sugge'st 
that  the*  anterior  part  of  the*  hypophysis  wouhl  he*  the*  most  e*ITe’e*tive*  graft 
site,  anel  this  appe*ars  te)  he*  true*  (Fig.  2.\).  l*)ve>n  ve*ry  large*  giafts  in  the 
])ostcrior  ])art  e)f  the*  glanel  (Fig.  l(')  hael  surj)risingly  slight  (*l‘fe‘e‘ts.  It 


Fig.  4.  Position  t)  Rraft.  A — 10  X — Sliows  loci  of  anel  1).  R — 7SX — Shows  s  II 
thyroid  graft,  shape  of  affecte'd  zone*  and  loe-ation  of  C.  Large  arrow  indicates  (pre'sun  d) 
dire*ction  e>f  blood  flow.  (' — 330  X — .\rrow.s  in  affecte'd  zone  indieate*  a'';do])hile‘  in 
‘control”  zone  the>y  indie-ate  thyroidectoinV' cell  vacnoies.  I)  and  K — 78  X  and  330 X  — 
Comiiarable  contralateral  ivgion.  Note  numerous  thyroidectomy  cells  at  very  edge  of 
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seems  most  probable  that  TH  diffusion  from  the  graft  was  greatly  influ¬ 
enced  by  the  antero-posterior  flow  of  stalk  vessel  blood  (Fig.  4).  The  fail¬ 
ure  of  one  of  the  two  po.sition  a  grafts  to  have  any  effect  might  have  been 
due  to  inadequate  contact  between  the  graft  and  the  stalk  ve.ssels,  l)ut  this 
could  not  b(*  assessed  in  these  preparations. 

Control  tissue-engrafted  hypophyses 

Some  implants  of  thyroid  gland  and  ovary,  and  all  of  muscle,  liver  or 
salivary  gland,  were  resorlx'd.  A  number  left  scars  marking  their  positions, 
at  the  very  edges  of  which  thyroidectomy  cells  were  abundant,  whereas 
acidophiles  were  absent.  Such  scars  were  seen  in  glands  which  also  con¬ 
tained  effective  thyroid  grafts  (Fig.  3). 

Four  ovarian  grafts  .survived.  One  was  in  the  right  lobe  of  an  adeno¬ 
hypophysis  which  bore  an  effective*  thyroid  graft  in  its  left  lobe  (Fig.  ID). 
This  graft  and  one  other  contained  corpora  lutea,  or  luteinizing  follicles; 
all  four  had  follicles.  Purely  follicular  grafts  (Fig.  o)  had  no  apparent  influ¬ 
ence  on  pituitary  structure. 

On  the  other  hand,  corpora  lutea  did  modify  the  thyroidectomy  reaction 
.somewhat  (Fig,  ID).  Near  luteal  bodies  (but  not  follicles  in  the  same  graft) 
large,  well-granulated  acidophiles  were  evident,  but  they  were  not  nearly 
as  numerous  as  tho.se  found  in  the  zones  affected  by  thyroid  grafts.  Thy¬ 
roidectomy  cells  were  not  found  quite  so  close  to  corpora  lutea  as  to  folli¬ 
cles,  but  the  cells  next  to  the  corpora  lutea  were  definitely  larger  and 
healthier  looking  than  those  adjacent  to  thyroid  grafts.  Moreover,  AF-t- 
cells  were  not  seen  near  the  ovarian  grafts. 

Since  active-appearing  follicular  grafts  had  no  effect,  the  .separate  ef¬ 
fects  of  thyroid  and  luteal  grafts  on  pituitary  .structure  would  appear  to  be 
.specific.  Further  work  would  be  needed  to  interpret  fully  the  .significance 
of  the  luteal  effects. 

Control  implants  to  brain 

Eight  rats  r(*c(*ived  fragments  of  ovary  in  the  hypothalamus;  2  others 
were  implanted  with  mu.scle.  The  implants  did  not  survive*,  and  oidy  .scars 
and  necrotic  ma.s.ses  could  be  found  in  serial  .sections. 


Fig.  5.  Ovariiiii  grafts  in  liypophysi.s  (jiurely  .follicular).  A— IHX — Two  folliclc.s  in 
1)  position;  rectangle  shows  locus  of  R.  B — 390 X — Intcrfollicular  tongue  of  pituitarv 
tissue  with  large,  fully  vacuolated  thyroidectomj'  cell  in  this  intimate  relation  to  ovarian 
tissue.  C — 18  X — Mass  of  follicles  at  right  anterior  tip,  large  follicular  cyst  in  neural  and 
intermediate  lobes.  D— 91  X — Zone  between  implants,  showing  positions  of  E  and  4'. 
E — Horizontal  arrows  point  to  vacuoles,  vertical  arrows  to  AF+  Golgi  zones,  in  thy¬ 
roidectomy  cells.  F — Many  vacuolated  (arrows)  thyroidectomy  cells.  Virtually  no 
acidophiles. 
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Despite  tlie  fact  that  o  of  these  10  had  HAa  values  greater  than  100,  only 
one  of  the  o  showed  even  slight  impairment  of  thyroidectomy  cell  develop- 
iiK'nt  itself.  Th(‘se  10  rats  (and  11  with  intrapituitary  implants  of  control 
tissue*  only)  have*  the*re*fore*  l)e*e*n  pook*d  with  unimplante*el  controls  in 
Table*  1. 

Thjjroid  grafts  to  brain 

Active*  (UAc  or  el  from  24  to  .‘KK))  thyroiel  grafts  were*  found  in  the*  an- 
te'rior  hypothalamus  in  11  rats,  and  in  the*  poste*rior  hypothalamus  in  S. 
Six  e)f  the*  forme*r  anel  4  of  the  latte*r  e*xhil)ite>d  some*  re*duction  in  thyroiel- 
ectomy  e*e*ll  size*  anel  e)r  conce*ntration.  Several  others  showe*d  borderline 
e*ffe*cts,  so  that  only  2  anterior  anel  2  pe)ste‘rior  implants  cemlel  cle*arly  be* 
se*e*n  to  be  ineffective*.  Xe*ck  cenmts  were*  not  ve*ry  high  in  th(*se*  2  groups 
since  se‘ve*ral  of  the*ir  numbe*r  hael  be*en  previously  eliscareleel  on  the  basis 
of  high  HAa  value*s.  I'Acept  for  2  rats  with  HAa  value*s  of  IIS  and  42  (with 
no  pituitary  e*viele*nce*  of  TH  effect!)  the  highe*st  HAa  was  2o. 

The*  inciele*ne*e  e)f  pituitary  manife*stations  of  TH  e*ffect  in  tlu*se  rats 
gre*atly  e*xce*e*ele*el  that  for  the*  ce)ntrols  (in  which  highe*r  ne*ck  raelioactivity 
was  tole*rate*d).  Thus,  although  any  inelivielual  pituitary  TH  effect  might 
be  attributable*  to  e*xtrahypothalamic  thyroiel  tissue*,  there*  can  be*  little* 
elembt  that  the*  finelings  for  the*  group  as  a  whole*  inelicate*  that  both  ante'rior 


Kic.  (i.  A  A<l(‘nohyi)<ii)liysis  of  rat  hoariiif;  tliyroid  implant  in  anterior  liypothalamus 
Fis;.  7).  Xuincrous  acidopliilcs  (dark  colls)  and  small  thyroidectomy  cells  character¬ 
ize  tiu*  pictnn*.  AF-f-  thyroidectomy  cells  wen*  also  seen,  hut  are  lutt  illustrated  in  this 
l)hotojirai)h.  RAa  =  4.7;  HA1)=1.7;  HAc  =  l()4;  RAd=().4.  B — ('ontrol  gland  of  same 
series.  Note  virtual  absence  of  acidojdiiks  and  much  larger  size  and  greater  abundance 
of  thyroidectomy  cells.  (475 X). 


Fic.  7.  Sections  sliowiiifi  location  of  tliyroid  fjraft  in  rat  whose  hypophysis  is  dcpictcil 
in  Fiff.  <)A.  A — Low  power  view  sliowins  {jraft  ((1),  paraventricular  nucleus  (FV),  optic 
tract  (OT).  a  necrotic  mass  extendiiifi  uj)  into  thalamus,  due  either  to  deffeneratinn  im- 
l)lants  or  InMnorrhant'  occasioned  during  imidant  idacement  (X)  and  refjion  shown  in  B. 
H — View  showing  paraventricular  nucleus  (ui)i)er  ri}j;ht)  and  condition  of  adjacent 
thyroid  ni’iift.  Although  soim-  follich's  appi'ar  morihund,  several  can  he  seen  with  healthy 
looking  cells  ( KAc  =  104).  A  left.  B  rifiht. 

and  posterior  hypothalamic  grafts  Itad  sonit'  inliihitory  effect  on  the  thy- 
roid(‘ctoniy  nuiction. 

Tlie  iidiihition,  not  localized,  was  less  marked  than  that  which  accom¬ 
panied  intrapituitary  grafts.  It  was  thus  not  always  obvious.  A  typical 
example  is  contrasted  with  a  control  in  Figure  7.  The  position  and  struc- 
tur(‘  of  th<*  presumably  rt'sponsible  graft  an*  shown  in  Figure  7. 

DISCUSSIOX 

These  findings  do  not  allow  a  (piantitativt'  comparison  of  th(‘  ('ffective- 
iK'.ss  of  hypothalamic-  and  pituitary-implanted  thyroid  ti.ssue.  It  may  be 
that  th(‘  le.ss  .sev(‘re  but  widespread  inhibition  of  the  thyroidectomy  reac¬ 
tion,  in  rats  with  thyroid-emgrafted  brains,  actually  represents  an  (apial  or 
ev(*n  greater  ov(‘rall  curtailment  of  TSII  s('cretion  than  the  striking  but 
harply  localiz(‘d  inhibition  semi  adjacmif  to  thyroid  grafts  in  th<‘  hypophy- 
ds. 

However,  th(*.s<*  (‘xperimmits  clearly  show  that  Til  inhibits  f  lu^  pituitary 
t hyroidi'ctomy  reaction,  both  partially  and  comphdely,  by  dirc'ctly  affect¬ 
ing  th<‘  thyrotrophic  cells.  Th(\v  also  (sugg(*st  that  this  direct  etfc'ct  may  be 
'  indered  considi'rably  because  of  rapid  nniioval  of  the  Til  bv  tlu;  pituitarv 
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circulation,  which  sweeps  it  caudally  so  that  it  influences  primarily  the 
regions  behind  the  graft. 

This  rapid  flushing  of  TH  from  the  hypophysis  may,  perhaps,  explain 
Yamada’s  (12)  observations:  1)  The  effective  intrapituitary  dose  of  thy¬ 
roxine  is  greater  than  would  be  (‘xpected  from  dilution  of  the  effective  sys¬ 
temic  dose;  2)  Kadioactive  thyroxine,  injected  intrahypothalamically, 
larg(*ly  disappears  from  th(‘  brain  befon*  any  pituitary  effect  is  evident 
(average  delay — S  hours),  but  fails  to  accumulate  in  the  hypophysis. 

It  seems  reasonable  that  most  of  a  sudden  intrapituitary  inj(‘ction  would 
b(*  nunoved  before  it  could  act.  On  the  other  hand,  small(*r  amounts  of 
normoiK',  infused  continuously  via  the  portal  or  nutritive  circulation  and 
similarly  sw(‘pt  away,  would  also  Ik*  continuously  replac(*d.  From  this  it 
follows  that  intrahypothalamic  TH,  from  a  graft  or  an  injection,  might  well 
reach  the  hypophysis  as  a  long-lasting,  low  concentration  infusion  after 
fir.st  diffusing  (at  least  partially)  to  the  portal  capillary  bed  of  the  median 
eminence.  The  diffusion  delay  is  quite  in  keeping  with  Yamada’s  ob.serva- 
tion  (10)  that  the  effect  of  intrahypothalamic  thyroxine  on  TSH  secretion 
is  delayed. 

Since  a  direct  inhibitory  mechanism  undoubtedly  exists  for  both  high 
and  low  initial  TSH  secretory  rates,  and  since  both  Yamada’s  and  our  ob¬ 
servations  do  appear  consonant  with  the  idea  that  intrahypothalamic  TH 
administration  could  exert  its  effect  via  this  direct  mechanism,  Yamada’s 
suggestion  (12) — that  the  delayed  effect  of  intrahypothalamic  TH  injec¬ 
tions  reveals  the  existence;  of  a  slowly  reacting  neural  TH  feed-back  system 

-app(*ars  umu'cessary. 
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A  MAXOMETRK'  ASSAY  OF  INSULIN  AND  SOME 
RESULTS  OF  THE  APPLK’ATION  OF  THE 
METHOD  TO  SERA  AND  ISLET- 
('ONTAINING  TISSUES* 

ERIC  BALL  Axi)  MARdERY  A.  MERRILL 
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ABSTRACT 

'J'lic  use  of  tli(*  manoinctric  inoasun'incMit  of  tlic  net  (‘XchaiiKc  of  rat 
adipose  tissue  to  (piantitate  small  amounts  of  insulin  is  deserihed.  The  method 
is  siniph',  does  not  recpiire  that  insulin  standards  he  run  eoneomitantly  and  is 
eai)al)le  of  measurinfj  (piantities  of  insulin  of  the  order  of  0.01  fif'.  In  addition, 
the  method  piuinits  the  response  of  the  tissue  to  he*  observed  throughout  the 
time  eourse  of  the  ])roeedure.  Tin*  importaiua'  of  this  in  the  measurement  of  the 
insulin-like  aetivity  of  certain  hioloffieal  materials  is  illustrated.  Kxamjjles  of 
tin*  ai)i)lieation  of  the  teehniciue  to  the  measurement  of  the  insulin-like  aetivity 
of  toad  fish  ish't  tissue,  human  insulinomas,  and  human  sera  are  given.  The 
interpretation  of  the  results  in  tin*  ease  of  sera  is  complicated  by  the  unusual 
behavior  in  aetivity  that  it  exhibits  upon  dilution  and  upon  storage  in  the 
frozen  statt-. 

IN  DVRLHR*  puhlicatioii.s  (1)  (2)  a  simph*  and  rapid  manometric  pro- 
c(‘diiro  for  followinfj;  th(‘  action  of  insulin  in  vitro  upon  adipo.s(‘  tissue 
was  d(‘scril)(‘d.  It  is  l)a.s(‘d  upon  th(‘  nu'asununent  of  the  net  gas  exchange 
of  tlie  ti.ssiK'  in  a  l)icarl)onate  l)uffen*d  medium  containing  glucos(*.  The 
addition  of  insulin  to  such  a  systcun  results  in  a  mark(*d  liberation  of  C()2 
accompani(‘d  by  a  .stimulation  of  glucose*  uptake  (R)  (4)  and  the  formation 
of  fat  (R).  Tlu*  rate*  of  COi.  r(‘h*ase  as  measun'd  manometrically  in  terms 
of  n(*t  gas  exchange  has  be{‘n  found  to  be*  a  function  of  the  insulin  concen¬ 
tration  within  tlu*  range  10"-’  to  10  units  p(*r  ml.  Thus  the  u.se  of  the  pro- 
c(*dur(*,  as  .sugg(*st(*d  earlier  (1)  for  the  assay  of  small  (juantities  of  insulin 
is  an  obvious  one.  Since  then,  considerable*  e*xpe*rience  has  be*en  gaineel  in 
the  use  of  the*  proe*e*elure*  so  that  re*proelucible*  re*sults  can  be*  obtaine*d.  In 
aehlition,  the*  te*chnieiue*  has  be'cn  applie*el  to  .sera  anel  certain  islet  containing 
tissue*.s  in  an  atte*mpt  to  eiuantitate  the*ir  insulin-like  activity.  Though  the 
inte*rpre*tatie)n  of  some*  of  the*  re*sults  e)btained,  e*spe*cially  those*  with  .sera, 
is  e)pe*n  to  eliscu.s.sion,  the*  methoel  appears  to  offer  ce*rtain  advantages  which 
warrant  the*  pre*.sentatie)n  of  the  elata  at  this  time. 
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PROCEDURE 

It  should  he  in<‘iitioiU“(l  at  tlu*  outset  that  att(Mitiou  to  (•(‘itaiii  small  details  and  pn'- 
autions  whieli  an'  deserilx'd  is  of  importanee  if  reliable  and  eonsistt'iit  results  are  to  be 
ibtained. 

Th('  ('i)ididyinal  fat  i)ad  of  rats  purchased  from  tin'  Holtzman  Company  has  been 
■  sed  exclusively  for  these  studii's  thoufjh  white  adijmse  tissue  from  other  siti's  (2)  or 
ther  animals  conceivably  could  be  em|)loyed.  The  ])roper  can'  and  handliiif!;  of  the  ani- 
iials  is  of  extreme  imp(»rtanee  if  consistent  results  are  to  be  obtained  from  day  to  day. 
Hir  aidtnals  have  been  housed  in  (piarters  in  which  the  temperature  (72-75°)  and  hu- 
lidity  have  bet-n  automatically  controlled.  To  insure  a  uniform  feeding  pattern  the 
ithtiiif*  is  also  automatic  and  is  on  continuously  from  (i  a.m.  to  9:d()  p.m.  .Vnimals  have 
('c  access  to  water  and  Purina  laboratory  c'how  at  all  times.  Cart'  is  takt'ii  not  to  excitt', 
are,  or  injure  the  animals  prior  to  sacrifice  otlu'i  wist'  I'rratic  rt'sidts  may  bi'  obtaint'd. 
It  is  advisable'  not  to  ('injiloy  rats  from  a  nt'w  shipmt'iit  until  st'vt'ial  days  havt'  t'lapst'd 
;ii  tlu'ir  nt'w  tpiartt'rs.  .Abnormal  tissue'  bt'havieer  has  alsee  be't'ii  neett'il  whe'ii  the*  rats  have' 
I'e'e'ii  breiufjht  a  half  hteur  eer  se»  bt'fetrt'  sacrifice  te)  a  labeerateuy  wht'ie'  the'  te'inpt'raturt'  was 
)-7°  le)wer  than  the'  animal  cpiarte'rs.  Tht'  animals  art'  saerifict'tl  by  eh'caiiitatiem  by  the' 
use'  e)f  a  miniature'  f^uilledint'  manufaeturt'el  by  the'  Harvartl  Ajjparatus  ('eempanv.  Rats 
■'acrifict'el  by  a  bleew  ten  the'  ht'ael  eer  any  tether  mt'the)il  which  rt'sults  in  trauma  has  bt'cn 
It'ss  satisfacteuy  in  emr  hanels.  Rats  in  the'  weij^ht  raiifft'  150-225  {flams  (O-S  wt't'ks  eelel) 
art'  em])le)y('el.  Youn{fe'r  rats  yielel  insufficit'iit  tissue'  while'  tissue'  frtmi  eeleler  rats  is  much 
It'ss  active  (5). 

Removal  of  Tissue 

The  nt'e'il  feer  t'art'  in  the'  handlin{f  eef  tissue'  has  bet'ii  prt'viously  e'lnpliasizeel  (1)  (.‘1). 
Our  routine'  iireect'elure  is  as  follows:  tlie'  animal’s  te'ste's  art'  forct'el  {fcntly  into  the'  ab- 
elominal  cavity  anel  a  with'  abelominal  incision  math'  with  scissors,  care  be'in{f  takt'ii  nett 
let  nick  the'  blaeltler  or  inte'stini's.  .\  te'stis  is  {fraspt'd  with  forct'ps  anel  lifte'tl  sufficit'ntly  tet 
jtt'rmit  a  he'inetstat  to  be'  plaet'el  on  the  fat  pael  at  the  point  etf  juncture  with  the'  te'stis. 
With  the  fat  pael  helel  by  means  of  the'  he'inostat  it  is  cut  fre'e'  fretm  the  testis,  the'  e'pielieiy- 
inus  anel  blooel  vessels,  anel  lifte'el  out  etf  the  abeletminal  e'avity.  Petrtions  of  tissue'  art' 
then  cut  etff  the'  elistal  enel  with  sharp  se-is.sors  ontet  a  small  tare'il  .sejuare'  etf  plietfilm  anel 
we'i{fhe'd  etn  a  tetrsietn  balane'C.  It  shetulel  be'  netteel  that  the  absolute  wei{fht  etf  the  tissue' 
is  nett  re'epdre'il  in  this  methetel.  Hene-e  this  sti'])  may  be  eliminate'el  pretvieh'd  that  the 
ametunt  etf  tissue  use'el  pe'r  1.5  ml.  etf  me'elium  falls  within  the  100-200  m{f.  ran{ft'.  We'  pre'- 
fer  tet  use  etnly  etne  petrtiein  we'i{fhin{f  100-150  m{f.  fretm  e'aeh  fat  pael  tlietu{fh  twet  jtiee'e's 
from  e'ae'h  pael  may  be  e'asily  etbtaine'el  fretm  rats  we'i{fhin{f  aretunel  200  {fin.  The'  petrtietn 
etf  the  fat  pael  he'lel  by  the'  he'inetstat  is  always  eliscareh'el.  The  tissue'  is{fe'ntly  retlh'el  fretm 
the  plietfilm  with  the  aiel  etf  a  {flass  sjtatula  ontet  a  spetetn  shajte'el  pie'e'c  etf  e'clletphane  maele 
Ity  sliein{f  in  half  letn{fituelinally  a  e'e'lletphane  te'st  tube'  (100X14  mm.)  anel  trimmin{f  ajt- 
propriate'ly.  The'  e'liel  etf  the  spetetn  eetntainin{f  the  tissue  is  the'ii  inserte'el  intet  the'  ne'ek  etf 
I  Warburn  vi'sse'l  well  jtast  the  {fietunel  {jlass  surfae-e'  anel  the'  tissue  nud{fe'el  intet  the 
me'elium  in  the'  flask  with  the'  aiel  etf  a  {jlass  spatula.  .Veliitetse'  tissue  has  a  {fie'at  te'iiele'iie'y 
tet  stick  tet  varietus  surfae  e's  incluelin{f  {flass  anel  siiu'i'  the  actietn  etf  insulin  etn  aelipetst' 
tissue  apjte'ars  tet  be'  etn  the'  e-e'll  me'inbrane  (e/  0)  jtre'e'autietns  a{fainst  injury  etf  the'  cell 
urfae-e'  art'  aelvisabh'.  The'  time'  Itt'twe'e'U  the'  re'inetval  etf  the'  tissue  fretm  the  animal  ami 
’)lacin{f  it  in  the'  ineubatietn  me'elium  (at  retetm  te'inite'rature)  is  ki'pt  tet  a  minimum  (1-2 
ninute's).  Net  aelvantane'  tijtpe'ars  tet  accrue  by  maintainin{f  the'  te'inpe'iature'  etf  the' 
ae'elium  at  :fH°  elurin{f  the'  loaerm{f  etf  the'  flasks. 

'urahation  medium 

The  ineubatietn  me'elium  is  the'  bie'arbetnate'  -salt  setlutietn  etf  Kre'bs  anel  Hi'use'h'it  (7) 
lut  with  one  half  the  calcium  recetmmeneleel  by  these  workers.  This  letwer  eah'ium  con- 
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ciMitration  is  employed  since  it  more  nearly  approaches  the  value  for  ionized  calcium  ii 
blood  serum  and  also  h'ads  to  the  formation  of  less  turbidity  in  the  medium  on  standiiifi 
We  have  foun<l  that  erratic  results  have  been  obtained  when  slightly  turbid  full  strergtl 
calcium  medium  has  been  employed.  The  medium  is  gassed  with  5%  C’02-95%  air  dail\ 
before  use.  This  also  helps  to  prevent  precipitation  of  calcium  salts  and  insures  tin 
pr<»i)er  pH  for  the  tissue  before  the  flasks  are  gassed.  Glucose  is  added  to  the  salt  solution 
to  yield  a  concentration  of  3<i()  mg.  per  100  ml.  Gelatin  is  added,  exeei)t  as  nott'd.  in  tin 
annnint  of  200  mg.  per  100  ml.  to  j)revent  loss  of  insulin  by  adsorption  on  glass  surfaces 
irf  1).  This  amount  of  gelatin  does  not  all  dissolve  at  room  temperature  and  the  excess 
is  allow(‘d  to  .settle  out,  or  may  be  filtered  off.  The  glucose  and  gelatin  containing  medium 
is  made  fresh  daily.  X«)  attempt  should  be  made  to  store  this  mt'dium  in  the  cold  over¬ 
night  since  a  turbidity  may  develo])  which  will  lead  to  low  results. 

Manometric  procedure 

The  Warburg  manometric  api)aratus  is  employed.  We  have  routinely  used  vessels 
with  a  total  capacity  of  H-IO  ml,  having  oiu*  sidt'arm  with  a  vente<l  stopjier  and  no  cen¬ 
ter  W(“ll.  The  total  fluid  volume  used  in  this  sized  vessel  is  1.50  ml.  When  possible  the 
l)n‘ferr(‘d  techniciue  is  to  place  0.05  to  0.10  ml.  of  the  solution  to  be  assayed  in  the  side- 
arm  of  the  flask  and  1.40-1.45  ml.  of  the  glucose-gelatin  medium  in  the  main  compart¬ 
ment.  Larger  vessels  (with  or  without  center  wells)  and  correspondingly  larger  total 
fluid  volumes  may  be  employed  if  desired.  After  the  tissue  has  been  added  to  a  flask  it  is 
placed  on  its  manometer  and  inserted  in  a  water  bath  maintained  at  37.4°  C.  When  all 
manometers  and  flasks  are  ready  they  are  gassed  simultaneously  with  5%  C02-95%  air 
for  about  five  minutes  with  slow  shaking.  The  gas  is  bubbled  through  water  before  ad¬ 
mission  to  the  flasks.  .After  an  additional  10  minutes  of  shaking,  readings  are  begun  and 
are  made  at  10  minute  intervals  for  a  30  to  40-minute  period.  During  this  period  the  net 
gas  exchange  should  be  z(‘ro  or  negative.  flefinite  increasing  positive  j’)n‘ssure  response 
is  an  indication  that  the  tissue  is  behaving  abnormally  and  that  it  is  not  suitable  for  as¬ 
say  purposes.  The  contents  of  the  sidearm  are  then  tipped  into  the  flask  and  the  pressure 
resj)onse  followed  at  10-minute  intervals  until  a  new  rate  is  (‘stablished  and  maintained 
for  at  least  a  30-minute  piwiod.  With  small  ([uantities  of  insulin  the  rate  maj'  continiK' 
to  change  with  time  for  .>iome  30-00  minutes  after  tip|)ing.  In  most  cases  once  a  rate  is 
(“stablished  it  is  usually  liiunir  with  time,  i)rovid(“d  that  an  adecpiate  shaking  rate  is 
maintaiiu'd,  e.g.  120  per  minute.  However  in  dealing  with  serum  or  certain  of  its  frac¬ 
tions  th(‘  j)att(‘rn  of  rc'sponse  may  be  abnormal  as  discussed  below. 

When  the  response  to  the  solution  to  be  assayi'd  has  been  ascertaim'd  the  flask  is 
removed  from  the  manometer  and  0.05  ml.  of  a  solution  containing  sufficient  insulin 
(0.15  units  for  1.5  ml.  final  fluid  voluim*)  to  insure  a  maximum  response  by  the  ti.ssue  is 
added  to  tin*  main  (•om|)artment.  The  flask  is  replaccal  on  the  manometer,  reinserted  in 
the  wat(“r  bath  and  gassed  as  befon*.  R(“adings  are  eommenc(“d  ten  minnt(“s  after  gassing 
is  complet'd  and  continued  at  10-minute  intervals  until  a  lim'ar  rate  is  observed,  usually 
30  minutes.  The  assay  is  now  comj)let('d.  We  have  found  it  possible  for  one  pc'rson  to  run 
concurrently  a  half  dozen  assays  in  3-4  hours. 

C alcuIatioH  of  results  and  some  applieations  of  the  method 

Tlu*  calculation  of  th(“  insulin  content  of  the  .sample  is  b(“.st  described  In 
the  u.se  of  examples.  In  Figure  1  is  shown  the  a.ssay  of  a  toad  fish  islet  tissue 
and  of  a  human  insulinoma.  The  net  gas  pres.sure  change  is  plotted  against 
time.‘Tn  Experiment  A  in  which  toad  fish  islet  was  u.sed  the  initial  rate  of 
pressure  change  was  —3  mm.  per  hour.  At  the  arrow  marked  1,  0.05  ml.  of 
an  homogenate  of  toad  fish  i.slet  tissue  was  added  and  a  new  rate  of  +53 
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Fig.  1.  The  nssai/  of  toad  fish  islet  (.1)  and  human  insulinoma  tissue  (H).  Tissue  was 
li()inoK<‘nizc;l  in  tho  Krebs  bicarbonate  medium  containing  gelatin  and  diluted  appropri¬ 
ately  with  the  same  medium.  The  precautions  described  in  the  ti'xt  in  connection  with 
the  data  presented  in  Figure  2  were  employed  in  making  these  dilutions  and  in  measur¬ 
ing  the  samples  for  assay.  The  toad  fish  islet  tissue  assaj-  was  one  of  many  performed  in 
connection  with  an  unpublished  study  carried  out  in  collaboration  with  I)rs.  A.  Lazarow 
and  A.  Renold.  The  human  insulinoma  tissue  assay  was  one  of  a  series  performed  for 
Drs.  J.  R.  Brooks  and  D.  F.  Hickok.  Tissue  homogenate,  0.05  ml.,  was  tipped  in  from 
the  sidearm  at  arrow  1  and  0.05  ml.  of  a  crystalline  insulin  solution  (0.15 /x  units)  added 
;it  arrow  2.  Numbers  on  graph  refer  to  rates  in  terms  of  mm  gas  pressure  change  per  hour 
per  flask.  The  adipo.se  tissue  employed  in  each  assaj-  was  obtained  from  diffenuit  rats 
and  hence  the  maximum  rates  are  not  to  be  inter-compan'd. 

inm.  p('r  hour  wa.s  o.stahlished,  the  net  change  in  rate  being  +o().  At  tlie 
arrow  marked  2,  the  flask  was  disconnected  and  O.Oo  ml.  of  a  solution  of 
crystalline  insulin  containing  0.15  units  was  added.  The  rate  subsequent  to 
this  addition  was  +118  mm.  per  hour  or  a  net  change  from  the  initial  of 
t- 121.  The  re.spon.se  of  the  tissue  to  the  toad  fish  islet  extract  is  thus  50  121 
or  46%  of  that  obtained  with  a  maximum  amount  of  in.sulin.  This  value  of 
!0%  is  now  u.sed  to  obtain  the  insulin  content  by  means  of  the  data  pr(‘- 
sented  in  Figure  2. 

The  results  shown  in  Figure  2  were  obtained  with  a  sample  of  cry.stalline 
1  i.sulin  (Lot  Xo.  466868)  kindly  furnished  by  Eli  Lilly  and  Company.  In 
!  ach  of  the  49  experiments  shown  here  the  procedure  was  the  same  as  that 
I'escribed  in  the  text  and  illiLstrated  in  Figure  1.  A  stock  .solution  of  insulin 
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INSULIN  CONC.  >.U/ML. 

Ek;.  2.  The  PereeuUuje  maximum  response  of  adipose  tissue  at  different  eonee titrations  of 
eriistalline  insulin.  .Vll  (‘xpcriinciits  whtc  performed  in  the  Krehs-hiearhonate  gelatin 
medium  by  tlie  proi-edun*  deserihed  in  the  text,  and  as  illustrated  in  Fi}j;ure  1.  The  total 
number  of  d(‘t<‘rminations  at  eaeh  insulin  eoneentration  is  indicated  by  tlie  figure  in 
parentliesis  at  the  top  of  eaeli  set  of  values  anil  each  determination  is  rei)resented  by  a 
short  horizontal  line.  The  average  valui'  for  each  set  is  represimti'd  by  a  circh'. 


was  prcpan'd  by  dissolving;  (i  mg.  or  150  units  in  5  ml.  of  water  to  which  2 
drops  of  O.IX  HCl  had  Ixuni  added.  This  was  diluted  with  the  standard  hi- 
earl)onat(‘-gelatin  imalium  so  that  0.05  or  0.10  ml.  when  tipp(‘d  from  tlu' 
sidearm  yiehUal  a  final  concentration  of  12.5,  25,  50,  or  100  micro  units 
(mu)  per  ml.  In  making  the  dilutions  a  .set  of  10  ml.  glass  .stoppenul  gradu- 
at(Hl  glass  cylind(‘rs  have  be(*n  (Mnploy(*d.  The.s(*  cylinders  have  b(*en  re¬ 
served  for  this  purpos(*  only  aiul  Ixdween  ust'  an*  mt'rely  rinsed  with  dis¬ 
tilled  water,  cleaning  solution  and  detergents  lx*ing  avoided.  Each  time  be¬ 
fore  their  use  they  were  rinsed  several  times  with  the  )>icarbonate-gelatin 
uK'dium.  The  pipeds  employed  were  always  rinsed  8  times  with  the  insulin 
solution  which  was  to  be  nx'asured  out  in  making  the  dilution  or  to  lx 
added  to  the  sid(‘arm  of  the  flask.  We  hav’e  found  it  necessary  to  pay  tlu 
strictest  attention  to  details  of  this  sort  when  working  with  such  smali 
quantities  of  in.sulin.  In  Figure  2,  the  respon.se  of  the  tissue  to  the.si 
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amounts  of  insulin  is  ('xpn'sscal  in  torins  of  tin*  i)(‘i(*(‘nlafi:('  of  tlio  maximum 
rate  suhscaiuontly  obtained  in  the  presonco  of  0.1  unit  of  insulin  pt'r  ml. 
Tho  results  presenti'd  an*  the  eomposite  of  (h'terminations  by  three*  dif- 
fen'iit  individuals  obtain(*d  over  a  p(*riod  of  time*.  The*  av(*rage  value*  fe)r 
each  se*t  falls  on  a  straight  line*  \vhe*n  plotte'el  elire*e*tly  against  the*  insulin  e*on- 
e'entration.  The  sle)pe*  of  this  line*  is  l.S  p  units  pe*r  pe*re*e*ntage  pennt.  The* 
only  justifieation  to  be  offe*re*el  at  this  time*  for  sueh  a  methoel  of  plotting 
is  that  the*  calculations  are*  simplifie*el.  In  this  re*garel  it  shoulel  be*  ne)te*el 
that  in  our  hands  a  95-100%  of  maximum  re*sponse*  is  obtaineel  emly  \vhe*n 
the*  insulin  concentration  ivaclu's  1,000  pu  per  ml.  Thus  over  the*  total 
dose  re*spe)n.se*  range*  of  12.5  to  1,000  ^u  p(*r  ml.  the*  use*  of  a  logarithmic 
plot  woulel  be*  indicate*d.  However  for  assay  purpose*s  we*  believe  that  a 
gre*ater  accuracy  may  be  obtained  if  concentrations  are*  limiteel  to  the 
range*  be*twe*e*n  15  anel  00%  of  maximum  re*spon.se*.  When  value's  are  ob- 
taineel  outside*  this  range  the  assay  is  repe*ate*el  with  amounts  which  are*  e's- 
timate*el  to  fall  within  this  range*  from  the  elata  at  hanel.  For  t*xample*, 
when  value*s  fall  within  the*  range  55-75%  of  maximum  re*spon.se  the  solu¬ 
tion  is  be*st  eliluteel  1 :5  for  ivassay,  anel  1 :10  for  value's  75-100%.  Such  a 
dilution  procedure*  works  satisfactorily  for  the  assay  of  tissue*  e*xtracts  of 
the  .sort  ele'seribe'd  in  Figure  1  but  elilution  of  serum  pre*se*nts  a  spe*cial  prob¬ 
lem. 

The  value  of  40%  of  maximum  re*sponse*  obtaineel  for  the*  homogenate*  e)f 
toael  fish  islet  tissue  in  Figure  1  may  now  be*  e'xpre*.s.se*el  in  terms  e)f  insulin 
e*ejuivale'nts.  The  re*spon.se*  is  the  same  as  that  given  by  a  .solution  contain¬ 
ing  40X1.8  or  88  p  units  of  insulin  per  ml.  Since*  in  the  assay  me*thoel  the 
total  fluid  volume  in  the  flask  is  1.5  ml.,  the  total  insulin  e*ejuivale*nts  in 
0.05  ml.  of  toael  fish  homogenate  woulel  be  1.5X88  or  125  p  units.  Since* 
this  amount  of  homogenate  re*pre*.se*nt.s  1  /ig  of  fre'sh  ti.ssue,  the  in.sulin-like* 
action  of  the  fresh  ti.ssue  corresponds  to  125  units  or  5  mg  per  gram  we*t 
weight.  Experiment  B  in  Figure  1  was  run  in  the*  same*  manner.  In  this 
case  the  pe*rcentage*  of  the  maximum  re'sponse  obtaineel  with  the  human 
insulinoma  homog(*nate  is  29/t)8  or  80%  which  yields  an  insulin  equival¬ 
ence  of  54  )uu  ml.  or  81  pu  total  in  the  flask.  The  0.05  ml.  of  insulinoma 
homogenate  that  was  aelded  at  arrow  1  re*pre*se*nteel  1  )ug  of  fre*sh  tissue*. 
Hence,  the*  insulinoma  tis.sue  displays  activity  eepiivak'nt  to  81  units  of 
insulin  per  gram  we't  weight.  In  both  case's  illustrateel,  the  tissue*  was 
homogenized  in  a  salt  .solution  buffereel  at  pH  7.4  containing  gelatin  anel 
elilutions  performed  with  a  Krebs  HCO3  salt  solution  containing  gelatin. 
It  should  be  noted  that  the  results  in  Figure  1  have  been  expressed  in  terms 
of  mm  pressure  change*  observed.  If  it  is  desired  the  results  can  be  expre*ssed 
in  terms  of  gas  volume  by  the  use  of  the  appropriate  flask  constant  anel  in 
terms  of  a  unit  weight  of  tissue  as  is  done  in  Figure  8.  This  is,  however, 
not  necessary  for  assays  of  the  type  shown  in  P'igure  1  since  it  is  only  re*la- 
tive  rates  of  the  reactions  which  are  required,  and  uncalibrated  flasks  may 
be  readily  employed  and  needless  calculations  eliminated. 
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Fig.  3.  An  exnmph  of  the  application  of  the  method  to  normal  human  serum,  lii  curve  A, 
0.1  ml.  rtf  scrum  was  tipped  in  from  the  sidearm  at  arrow  1,  and  0.05  ml.  of  a  crv.stalline 
insulin  .solution  (0.15/i  units)  added  at  arrow  2.  In  curve  B,  1.5  ml.  of  serum  was  present 
from  the  start  and  0.05  ml.  of  insulin  (0.15  p  units)  solution  tipped  in  from  the  sidearm 
at  arrow  2.  Rates  are  indicat(‘d  in  terms  of  /xl  of  gas  per  100  mg.  of  tissue  per  hour,  and 
paired  tissues  from  a  singh'  rat  were  employed.  Blood  was  flrawn  from  a  normal  human 
male  subject  (W.E.C'.W.)  two  hours  following  breakfast,  allowed  to  clot  and  the  serum 
separated  by  centrifugation.  The  serum  was  fortified  with  glucose  by  the  addition  of  2.0 
mg.  per  ml.  The  assay  was  start<*d  within  one  hour  after  collection  of  the  blood. 

SERUM 

Though  our  .studie.s  are  a.s  yet  limited  in  number,  the  method  has  been 
appli(‘d  to  serum.  Hen*  one  encounters  .some  puzzling  and  interesting  re¬ 
lationships.  Sevtual  (“xamples  will  be  describ(*d  in  order  to  illustrate  the 
pertinent  points  and  to  indicate  the  need  for  their  consideration  and 
further  investigation  in  the  application  of  the  method  to  serum.  In  Figure 
d  an  examph*  of  the  n^sults  obtained  with  normal  human  .serum  is  pre- 
.sented.  One  piec(‘  of  paired  ti.s.sue  (A)  was  run  in  the  manner  already  de¬ 
scribed.  (lelatin  was  not  employed  in  the  medium  .since  the  high  protein 
content  of  the  serum  sample  to  be  added  eliminates  the  need  for  it.  The 
sidearm  of  the  fla.sk  contained  0.1  ml.  of  the  fortified  serum  and  this  was 
tipped  in  at  the  time  indicated  by  arrow  1  after  the  usual  initial  negative 
rate  had  been  a.scertained.  A  po.sitive  pressure  re.sponse  ensued  and 
reached  a  fairly  linear  rate  after  00  minutes.  The  maximum  response  of 
the  ti.ssue  was  next  oi)tained  by  the  procedure  described  and  the  percent¬ 
age  of  maximum  response  given  by  the  serum  calculated  to  be  87%.  The 
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other  piece  of  paired  tissue  (B)  was  placed  in  a  flask  containing  l.o  ml.  of 
the  fortified  serum.  As  can  be  seen  from  Figure  3,  this  flask  showed  a 
positive  pressure  respon.se  from  the  start  of  the  experiment  and  the  rate  of 
gas  release*  temh'd  to  increase  during  the  first  hour  after  which  it  became 
nearly  linear  with  time.  At  the  time  indicat(*d  by  the  arrow  2,  O.Oo  ml.  of 
an  insulin  .solution  containing  0.1.5  units  was  add(‘d  from  the  .sidearm  to  ob¬ 
tain  the  maximum  response.  The  percentage  of  maximum  response  in  this 
case  is  calculatc'd  by  making  the  a.ssumption  that  this  piece*  of  tissue  woulel 
have  shown  an  initial  control  rate*  eeiual  to  that  of  the*  pair(*el  piee*e‘,  namely 
—  .5.0.  On  this  basis  a  figure*  of  4.‘1%  is  obtain(*el.  Thus  the*  se'ium  dilute'd 
1:1.5  anel  the*  uneliluteel  se'rum  yielel  ne*arly  the*  same*  percentage*  e)f  maxi¬ 
mum  re*.sponse‘.  However,  e*xpre*sse*el  in  te*rms  of  insulin,  the  activity  shown 
l)y  the  unelilute*el  serum  corivsponels  to  79  p  units  pe*r  ml.  as  contraste*el 
with  a  value  of  1020  p  units  per  ml.  for  the*  serum  elilute>d  1 : 1.5.  It  shoulel 
be  note*el  that  when  unelilute*el  .serum  is  to  be  run,  it  is  always  advisable*  to 
run  concomitantly  a  piece*  of  paire*el  tissue*  in  the*  manner  shown  here*.  This 
not  only  furnishes  a  value*  for  the*  initial  rate,  but  more*  importantly  assure*s 
erne  that  any  tissue  re*.spe)n.se  to  the  unelilute*el  .serum  is  a  spe'cific  one*. 

Several  points  in  connection  with  the*  me*a.sure*me*nt  of  the*  insulin  like* 
activity  of  serum  by  this  proceelure*  need  comme*nt.  First,  it  may  be  note*el 
that  the*  maximum  respon.se  shown  by  the  ti.s.sue  in  uneliluteel  serum  (42  )ul 
(^(>2  pe*r  100  mg.  per  hr.)  was  much  lower  than  that  shown  by  its  paire*el 
piece*  in  the*  1 :1,5  eliluteel  .serum  (92  p\).  This  has  be*e*n  a  ce)nsiste*nt  fineling. 
The  average*  elifference  .se*e*n  be*twe*e*n  paireel  pie*ce.s  of  ti.s.sue*  run  in  the*  bi¬ 
carbonate  glucose*  medium  with  insulin  tippe*el  from  the*  siele*arm  is  e)f  the* 
order  of  ±  10%  (.5).  The  same*  sort  of  agre*eme*nt  is  founel  if  a  comparison  is 
maele  of  the*  maximum  response*  yie*lele*el  by  paire*el  tissue*  in  1:1.5  elilute*el 
.serum  anel  in  plain  buffer.  However,  if  a  comparison  is  maele  in  plain  buf¬ 
fer  on  paireel  ti.s.sue*.s  in  which  insulin  is  pre*.se*nt  from  the*  start  in  one*  ca.se* 
anel  in  the  other  tippe*el  in  after  an  initial  incubatiem  pe*rie)el,  then  the*  latter 
k  always  gives  a  higher  respem.se*.  The*  re*a.son  for  this  is  not  known.  The*  elif- 

^  ference  is  however,  much  le*.s.s  than  that  obse*rve*el  be*twe*e*n  unelilate*el  se*rum 

anel  serum  elilute*el  1 :1.5.  He*nce*,  other  factors  woulel  appe*ar  to  be*  involve*el 
in  the*  e*a.se  of  unelilute*el  serum.  Among  the*se*  may  be*  the*  CO.  buffering 
capacity  of  the  serum  protein  anel  the  possible*  pre*.se*nce*  in  .se*rum  e)f  sub¬ 
stances  antagonistic  to  insulin.  It  shoulel  also  be*  note*el  that  the*  e*stabli.sh- 
I  ment  of  a  line*ar  re*.sponse*  may  ne*ve*r  be*  as  prompt  with  .se*rum  as  with  ex- 

1  tracts  of  islet  ti.ssue*s  (compare*  Figs.  1  anel  :i),  or  with  comme*rcial  insulin. 

The*  relative*  constancy  of  the*  percentage*  of  maximum  re*sponse*  that  is 
j  obtained  with  elilution  e)f  normal  human  .serum  up  to  valu(*s  of  1  :lo  has 
be*e*n  a  fairly  consistent  fineling.  Table  1  pre*se*nts  some*  value*s  which 
illu.strate*  this  pefint.  Our  e*xpe*rie*nce*  with  elilutions  be*ye)nel  the*  range*  of 
1:1.5  is  as  yet  limite*el.  Anothe*r  pe)int  that  is  illu.strate*el  by  the*  elata  in 
j  Table  1  is  that  when  se*rum  is  store*el  in  the*  frozen  state  anel  the*n  thawe*el. 
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Tablk  1.  Measi  rements  «x  normal  human  serum 


Scrum  j  .\gc  of 

sample  scrum 

Dilutiuu 

factor 

maximum 

response 

Insulin 

equivalents, 

Aiu/ml. 

Comments 

K.O.H.  1  hr. 

None 

40 

72 

1  hr. 

1:2 

48 

173 

1  (lav 

1 :3 

248 

Stored  at  4°  C! 

1  dav 

1 :0 

30 

420  : 

Stored  at  4°  C 

5  da  vs 

None 

43 

<  1 

Stored  at  —20°  (J 

5  (lavs 

1:15 

43 

1155 

Stored  at  —20°  C 

12  days 

1 :15 

80 

Stored  at  -20°  C 

H.L.J.  1  hr. 

None 

47 

85 

1  hr. 

1:3 

35 

180 

1  hr. 

1:15 

42 

1130 

4  davs 

1:15 

71 

Stored  at  -20°  C 

41  davs 

None 

73 

Stored  at  —20°  C' 

41  days 

1:15 

48 

1300 

Stored  at  —20°  C 

H.L.F.  1  hr. 

None 

03 

113 

1 :3 

45 

243 

1:15 

34 

020 

1  dav 

1:15 

28 

7.55 

Stored  at  —20°  (' 

30  davs 

None 

43 

/  i 

Stored  at  —20°  C 

30  days 

1:15 

15 

405 

Stored  at  —20°  C 

W.F.f'.W.  1  1  hr. 

None 

44 

70 

1 :3 

37 

200 

1:15 

38 

1025 

(M)..I.  1  hr. 

Noiio 

(>() 

108 

1 :3 

53 

280 

1:15 

52 

1400 

1:15 

37 

1000 

Hun  in  gelatin  con- 

taining  medium 

1:75 

10 

1350 

Hun  in  gelatin  con- 

taining  medium 

5  davs 

None 

74 

Stored  at  —20°  (' 

5  days 

1:15 

100 

Stored  at  —20°  C 

All  subjects  wen'  male.  In  each  case  blood  was  collected  approximately  2  hours  after  tlu' 
morning  meal  and  allow<'d  to  clot.  The  serum  was  separated  by  centrifugation  in  the  cold 
room  and  fortified  with  glucose  by  the  addition  of  2.(1  mg.  per  ml.  Dilutions  were  made  with 
the  Kreb.s-bicarbonate  medium  containing  3.()  mg. /ml.  of  glucose  except  where  noted.  In  all 
experiments  where  the  dilution  was  1:15  or  greater  the  exj)eriment  was  run  as  in  curve  .\ 
of  Fig.  3.  In  all  other  cases  .'ierum  was  present  in  the  flask  from  the  start  of  the  experiment 
■•IS  in  curve  H  of  Fig.  3. 


tlu'n*  may  be  a  .sulistantial  iiicrea.'K'  in  the  percentage  of  maximum  re.sponse. 
Tliis  increase  may  not  occur  after  a  single  freezing  or  thawing  hut  requirt' 
st'vt'ial.  At  tliis  point  it  may  not  ht'  amiss  to  reemphasize  that  upon  dilu¬ 
tion  th('  liomogt'iiates  of  toad  fish  islet  tissue  and  of  human  insulinomas 
displayed  a  change  in  activity  which  was  within  reasonable  proportions  to 
the  dilution  factor. 

DISCUSSION 

Tilt'  method  described  here  is  both  .simple  and  .sensitive.  In  terms  of 
crystalline  insulin  if  is  capable  of  mt'asuring  tiuantities  of  the  order  of  0.01 
/ig.  It  should  be  emphasized  that  it  is  not  specific  for  insulin  but  a.ssays 
insulin-lik(*  mati'rial.  In  unpublislu'd  work  from  this  laboratory,  it  has 
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)(‘eii  found  for  example  that  laetogenic  hormone,  protamine  sulfate,  and 
ither  compounds  yield  a  response  in  this  test  similar  to  that  given  by  in- 
ulin.  However,  responses  comparable  to  insulin  are  only  obtained  at  eon- 
cntrations  of  these  sul)stances  at  least  one  hundred  thousand  times 
reater.  The  method  probably  has  the  same  specificity  as  that  of  Henold 
I  al.  (8)  since  it  measures  such  substances  as  will  initiate'  fat  synthesis  and 
ae  concomitant  glucose  (i  phosphate  dehydrogenase  pathway  in  adipose 
ssue.  In  addition,  it  will  measure  any  stimulation  of  lactic  acid  produc- 
’  on.  In  this  regard  it  should  be  noted  that  both  these  methods  are'  more 
•  oe'cific  than  those  which  me'asure  stimulation  e)f  glucose  uptake  l)y  aeli- 
]  ose  tissue  since  a  numbe'r  of  materials,  e.g.  growth  hormone  preparations, 
•fdrenaline,  glucagon,  are'  capable  of  stimulating  glucose'  uptake  by  the  tis- 
-tie  without  initiating  fat  syntlu'sis.  On  the  other  hanel,  it  may  be  pointed 
out  that  aelipose  tissue  is  not  without  some  selectivity  in  its  re'sponse.  For 
(  xample,  as  shown  in  Figure  1  a  gooel  response  is  ol)taine'el  with  an  amount 
of  an  homoge'iiate  of  toael  fish  islet  tissue  which  re'pre'sents  1  /ug  of  fre'sh 
tissue.  However,  homogenate's  of  toad  fish  liver,  muscle,  kielney,  or  heart 
iire  inactive  when  teste'el  with  amounts  eeiuivale'iit  to  2  mg.  of  fresh  tissue, 
bike'wise  with  homogenate's  of  various  rat  tissue's,  only  the  pancreas  shows 
activity.  Human  serum  albumin  is  inactive  at  concent  rat  iems  up  to  o%. 

One  e)f  the  chie'f  aelvantages  of  the  methoel  is  that  e'ach  piece  of  tissue' 
serve's  as  its  own  e'ontrol  anel  that  it  is  not  necessary  to  run  insulin  stand¬ 
ards  concomitantly.  This  conserve's  both  time,  animals,  anel  materials. 
In  aelelition  the  methoel  permits  one  to  be  certain  that  the  .specific  piece  of 
tis.sue  to  be  employe'd  is  responding  in  a  normal  fashion  be'fore'  the  meas¬ 
urement  is  be'gun.  It  would  uneloubtedly  be  advisable  for  e'ach  inve'stigator 
to  e'stablish  for  himse'lf  a  calibration  curve  of  the  type  shown  in  Figure  2. 

There  is  one  other  aelvantage  that  the  me'thoel  possesses  which  is  worth 
e'lnphasizing.  This  is  the  fact  that  it  permits  the  cour.se  of  the  reaction  te) 
l)e'  followe'el  at  fre'epie'iit  inte'rvals  throughout  a  .selee'te'el  time  pe'rioel  so  that 
any  irre'gularity  in  response  is  eletectabh'.  This  aelvantage  is  well  elemon- 
strateel  in  the  measureme'iit  of  the  in.sulin-like  activity  of  a  fraction  ob- 
taine'el  from  human  blemel  by  Dr.  H.  X.  AntoniaeU's  (9).  .\ntoniaele.s  et  al. 

1 10)  have  .sugge'ste'd  that  such  a  preparation  is  a  comph'x  of  insulin  with  a 
Ija.'^ic  prote'in.  \\'hen  te'steel  by  the  rat  eliaphragrn  me'the)el  it  shows  no 
iii.siilin-like  activity  but  eloe's  so  after  alkali  treatme'iit  (11)  or  as  more  re'- 
ce'iitly  re'porte'el  (12),  afte'r  tre'atment  with  an  aelipo.se'  ti.ssue'  extract.  W  hen 
teste'el  by  the'  proce'elure'  eh'scribe'el  here',  the'  pre'paration-  showe'el  ste'aelily 
iucre'asing  activity  as  the  incubation  proce'e'eh'd.  The  tissue'  showe'd  an 

*  The'  sample'  ('mpl<)y<‘(l,  labc'lcel  lot  fO.57,  was  oim  f)f  tliose*  (listrihutcd  by  Dr.  .Vntoiii- 
.‘I  !i's  to  those  present  at  the  Seminar  on  tin*  Hioassay  of  insulin  ami  insulin-like  activity 
I  111  in  I.os  .Vnjfeles  on  .fanuary  21.  IlhiO.  The  results  u:iven  lu're  were  obtained  on 
1  ■l)ruary  .'),  I  !((>(),  and  as  anrei'd  upon,  were  eommuiucjited  to  Dr.  .\ntoniades  shortly 
t  lereafter. 
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initial  not  gas  exchange  of  —3.4  n\  per  30  min.  The  preparation  \va.s  the  i 
added  and  the  net  gas  excliange  value.s  for  successive  30  minute  perio( 
were  as  follows:  -1.9,  -1.4,  +3.1,  +5.5,  +8.8,  +11.2,  +11.0,  +10.^. 
These  results  obviously  suggest  that  either  adipose*  tissue  responds  slowl.- 
to  this  material  or  that  the  preparation  is  gradually  altered  in  the  preseiu  ■ 
of  adipose  tissue  so  as  to  unmask  its  insulin-like  activity.  In  either  case,  ir 
is  obvious  that  any  assay  of  its  activity  is  not  a  straightforward  proposi¬ 
tion  and  in  any  method  employing  adipose*  tissue  where  changes  are  meas¬ 
ured  over  a  fixed  time  perioel,  the  results  obtained  are  likely  to  vary  mark- 
(*dly  with  the  total  elapsed  time  used  for  the  assay. 

The  elata  presente*el  here  confirm  the  observations  of  other  workers  (13, 
14,  15)  that  a  marked  increase  in  the  insulin-like  activity  of  serum  may 
occur  upon  its  dilution  when  values  are  expressed  in  terms  of  absolute 
units  of  insulin  p(*r  ml.  of  serum.  Insulin-like  activity  corresponding  to 
values  well  in  excess  of  1000  m  units  per  ml.  are  indicated  from  the  result> 
with  diluted  serum.  If,  however,  the  results  are  expr(*ssed  in  t(*rms  of  the 
percentage  maximum  response  obtained,  then  there  is  a  remarkable  con¬ 
stancy  for  this  value  as  the  serum  is  diluted  up  to  1 : 15.  For  normal  human 
serum  collected  about  2  hours  after  the  morning  meal  this  value  usually 
lies  within  the  middle  range,  40-60%,  of  the  tissue’s  maximum  ability  to 
utilize  glucose.  This  corresponds  to  a  response  that  would  be  elicited  by 
75-100  /X  units  of  insulin  per  ml. 

Several  explanations  may  be  offered  to  account  for  such' a  pattern  of  re¬ 
sponse.  One  may  invoke  the  presence  of  a  bound  form  of  insulin  which  is 
dissociated  on  dilution  in  such  a  wa.v  as  to  maintain  a  uniform  effective 
insulin  concentration.  Or  one  may  postulate  the  pre.sence  in  serum  of  two 
substances,  one  capable  of  .stimulating  glucose  uptake  by  the  tissue  and 
the  other  possessing  a  counteracting  effect.  The  serum  thus  in  a  sense,  be  ¬ 
ing  buffered  .so  that  upon  dilution  the  ratio  of  the  two  opposing  forc(*s 
would  remain  constant  and  hence  their  relative  effective  concentrations 
upon  the  tissue  would  be  e.s.sentially  unaltered.  A  limit  to  the  range  within 
which  such  dilution  could  be  made  would  of  course  depend  upon  the  abso¬ 
lute*  concentration  of  the  components  in  the  .serum  in  either  ca.se.  The  in- 
crea.se  in  insulin-like  activity  upon  freezing  and  thawing  of  .serum  would 
either  be  explained  by  a  breakdown  of  the  complex  or  destruction  of  tin 
anti-insulin  factor.  .\  mechanism  in  which  an  interplay  of  two  oppo.sim 
forces  occurs  has  attraction  from  the  standpoint  of  providing  the  organisi  i 
with  a  smooth  control  of  its  rate  of  utilization  of  glucose.  Though  it  i 
tempting  in  this  connection  to  .spf*culate  on  the  possible  interplay  of  pitu 
tary  factors  and  insulin  in  such  a  mechanism  this  had  best  await  the  ou*- 
conu*  of  exp('riments  in  progn'ss. 
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FAILURE  OF  19-N()R-AX1)R()STEX()L()XE  PIIEXVL- 
PROPIOXATK  (DURABOLIX)  TO  PRETEXT  THE 
ALTERATIOXS  PRODUd^R)  BY  (X)RTISOXE 
OX  THE  OROWIXG  BOXE  IX  RATS 

ZVI  LAROX  AND  .lOCHAXAX  H.  BOSS 

witli  the  teclinical  assistance  of  avivah  kowadlo 
Rogoff  Malical  Rcsenrclt  Institute  anil  the  Department  of  Pediatrics  {Sharon  Hospital) 
and  Pathology,  Beilinson  Medical  Center,  Petah  Tikva,  Israel 

AltSTRAC  T 

lO-nor-androstc'noloiic  i)li(“nyli)r()|)i(>iiat(‘  and  cortisone  wore  Kiven.  alone 
or  in  eoinhination,  to  f^rowiii}?  rats  and  effects  on  body  and  bone  urowth  witc 
studied. 

I’niler  the  exi)eriinental  conditions  use<l  Durabolin  did  not  pn'vent  the  alter¬ 
ations  induced  by  eortisoiu'. 

Till']  deleterious  eftects  of  cortisoiu*  on  growth  as  wtdl  as  on  hoiu'  and 
t{‘eth  structure  hav(*  l)(‘com(‘  appanuit  both  expt'riinentally  and 
clinically  with  the  increas(>d  ust*  of  this  hormoiu'  in  n'ciuit  years  (1-G). 
Som(*  investigators  have  r('port(*d  .succ(*.ss  in  counteracting  the  skeletal 
alt(*rations  product'd  hy  cortisoiu'  in  humans  by  the  administration  of 
androgen  hormone  (7,  <S). 

In  a  prt'vious  study  with  rats  (9)  it  was  found  that  the  daily  injection  of 
t(*stost(*ron(‘  0.5  mg.  or  estrogen  0.05  mg.  concomitantly  with  cortisone 
5  mg.  daily  up  to  three  w(‘(‘ks,  did  not  pr(*vent  the  effect  of  the  latter  on 
growth  and  bone. 

The  pres('nt  report  presents  an  investigation  d('signat(‘d  to  test  the  effi- 
cic'iicy  of  19-nor-androst(‘nolone  phenylpropionatc*  (Durabolin),  an  ana¬ 
bolic  preparation,  to  pn'vent  or  anudiorate  the  effects  of  cortisone  on 
growth  and  bone  in  rats. 

M.\TERIAL  AND  METHODS 

Thirty  two  male  rats  of  a  locally  bred  Swiss  albino  strain  were  usetl.  'I'he  rats,  k(‘pt  ii 
separate  cages  throughout  the  e.xperiment,  were  fed  regular  chow  (Purina)  and  watei 
ad  libitum.  Tlu'y  were  divided  into  four  matched  groups  and  treated  for  two  we<*ks.  a 
shown  in  Table  1.  The  rats  were  weighed  at  the  bt'ginning  of  the  study  and  one  and  tw( 
w(>eks  after  beginning  of  the  treatment.  At  the  end  of  two  weeks  the  rats  were  killei 
by  ether.  The  left  tibia  was  dissected  and  fixed  in  formalin.  .After  decalcification  wit' 
formic  acid,  a  midsagittal  cut  through  the  tibial  tubercle  was  made.  The  sijecimeii 
were  embeddetl  in  paraffin  and  stained  with  hematoxylin  and  eosin. 

Hec(‘ived  February  7,  lOfil. 
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Tabi.e  1.  (Ikol  i’s  of  hats  sti  dif.i) 


( Jroup 

Number  tif 
rats 

Treat  meiit 

Initial  weight,  in  gm. 
mean  ,t  SI ) 

1 

S 

none  (control) 

Itt)  fil  l 

II 

S 

1  luralxdin 

'.t2 . 5  +  :} .  5 

III 

s 

( 'ortisone 

'.»3 . 7  +  K  .  5 

IV 

8 

Cortisone  iV  I)ural>olin 

1)2  ±  3.7 

Durabolin  =  lO-nor-aiulrosteuoloue  pheiiylpropionate  (Organon);  daily  dose;  2.5  ing. 
C'ortisone  acetate  (Adresone-Organon) ;  daily  dose:  5  ing. 

The  drugs  were  injected  by  the  intrai)eritoneal  route.  In  Oroup  IV  the  drugs  were  in- 
■cted  separately. 


RESULTS 

The  growth  as  expressed  by  percentage  increment  in  weiglit  is  tlie  dif- 
icrent  groups  studied  is  sliown  in  Figure  1.  It  is  evidtuit  tliat  tht're  art'  two 
different  growth  patterns  depending  on  tlie  administration  or  non¬ 
administration  of  cortisont'.  Tlte  average  size  of  tlie  rats  trt'att'd  with 
Durabolin  was  .slightly  increased  over  that  of  tlu'  controls.  .\t  the  t'nd  of 
tlie  fir.st  week  the  difference  between  the  mean  weights  was  statistically 
significant  (t=d;  P  =  .01):  at  two  weeks  the  difference  was  not  significant 
(t  =  l.();  P  =  .2).  The  rats  receiving  cortisone  lost  weight  during  tlu'  first 
week,  but  sub.sequently  responded  unequally;  some  gaiiu'd  weight  whereas 
the  others  continued  to  lose  weight.  The  rats  tn'ati'd  with  cortisom*  and 
Durabolin  concomitantly  showed  the  same  growth  pattern  as  thos(' 
treated  with  cortisone  only.  Though  the  mean  wi'ight  of  the  cortisone  and 


Fig.  1.  (Irowth  of  rats,  untreated  con¬ 
trol  and  treated  groups,  e.xpre.sscd  as  jier- 
centage  change  in  body  weight  (mean 
range). 


WEEKS 


LAHOX  AND  IU)SS 


Volume  (i!t 


<ilO 

I)urabolin-tr(‘atcd  rats  was  gn^ator  than  that  of  those  treated  with  eor- 
tisone  alone  at  the  end  of  the  second  week,  the  difference  was  statistically 
not  significant  (t=().o9;  P  =  .6). 

The  histological  appearance  of  the  proximal  rat  tibia  in  the  groups 
studied  is  illustrated  in  Figure  2.  In  Figure  2-A  the  normal  epiphysis  and 
metaphysis  are  schui.  The  structure  of  the  tibia  in  the  Durabolin  treated 
group  is  essentially  similar  to  that  of  the  control  animals;  however,  in  sonu* 
rats  the  width  of  the  epiphyseal  cartilage  is  slightly  increased  (Fig.  2-B). 
The  tibiae  of  the  rats  tr(*ated  with  cortisone  (Fig.  2-C)  reveal  a  marked 
reduction  in  the  width  of  tlu*  epiphy.s(‘al  cartilag(‘  involving  both  the  pro¬ 
liferative  and  hyp(*rtrophic  zones.  The  epiphyseal-metaphyseal  border  is 
irregular.  The  trab{‘culae  of  the  primary  spongiosa  an*  of  irr(*gular  shap(“ 
ami  contain  an  increased  amount  of  provisionally  calcified  cartilagenous 
matrix.  There  is  marked  reduction  to  patchy  absence  of  the  connective 
ti.ssue  penetrating  the  cartilage*;  correspondingly,  the  number  of  o.steo- 
blasts  is  r(‘duced  and  osteoid  seams  are  .scant.  The  width  of  the  primary 
spongio.sa  and  the  number  of  trabeculae  is  reduced.  In  most  rats  of  this 
group  tlie  fat  tis.sue  of  the  bone  marrow  is  increased. 

When  Durabolin  was  given  concomitantly  with  cortisone  (Fig.  2-D) 
the  histologic  changes  strongly  re.semble  that  of  (Iroup  C.  Thus,  the  epi¬ 
physeal  cartilage  is  thinned;  the  epiphyeal-metaphjseal  border  is  irregu¬ 
lar,  t hough Ao  a  lesser  degree*  than  in  the  corti.sone  group  in  .some  of  the 
rats.  The  primary  spongiosa  resembles  either  the  cortisone  group  or  the 
changes  were  more  marked  as  illustrated  in  the  figure.  In  two  rats  the* 
changes  were  of  a  le.s.ser  elegree.  It  is  noteworthy  that  in  sharp  contrast 
to  the  scant  penetrating  connective  ti.s.sue  in  the  corti.sone  group,  there  is 
comparatively  abundant  penetrating  commetive  tissue  in  the  cortisone* 
and  Durabolin  tre*ateel  rats. 


COMMENTS 

The  re*ports  on  the  efficacy  of  anelrogenic  hormones  to  counteract  the 
catabolic  effe*ct.s  of  cortisone  anel  its  ele*rivative.s  are  conflicting.  In  the 
pre.sent  inve.stigation  none*  of  the  ele*le*teriou.s  effe*ct.s  pre)duce*d  by  cortisone* 
on  animal  growth  anel  bone  structure*  were  preventeel  or  eliminisheel  by  the* 
aelministratiem  of  Durabolin.  Similar  negative  re*sults  have  been  obtained 

u. sing  te.sto.sterone*  alone  or  in  combination  with  estrogen  (9).  F'rieelen  et 

al.  founel  testosterone  anel  some  of  its  elerivatives  unable  to  eliminish  the* 
iidiibitory  e'lTect  of  cortisone  on  the*  amine)-aciel  incorporation  in  mouse* 
kielney  homoge*nate  (10).  Of  special  interest  is  the  report  of  Kowalewski 
who  stuelieel  the  raelio.sulfate  uptake  in  growing  bones  of  cockerels  (11). 
While  methylte*stosterone  and  te.sto.sterone  propionate  were  unable  to 
counteract  the  anti-anabolic  effect  ejf  certisone,  17-ethyl-19-nortestos- 
terone  attained  the  effect.  In  later  reports  Kowalewski  and  (lort  (12)  and 
Clrossman  et  al.  (13)  claimed  similar  results  in  rats. 


1)1  UAMOl.IX  AND  ('ORTISONK  KFl'FXT  ON  HONI 


Fig.  2.  Hi.‘<tologifaI  appearance  of  the  imiximal  epiphysis  and  inetaphysis  of  the  rat 
tibia.  A — control;  B — Durabolin  2.0  niK.;  C — Cortisone  n  nifr.;  D-  Diirabolin  2.5  inn. 
and  ('ortisone  5  mn-  Hematoxylin  and  hiosin  X40. 
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()l).s(‘rvati<)iis  in  adults  sho\v(‘(l  tliat  androgcais,  including  testosterone 
and  (*strog(‘ns  may  countcM'act  th(‘  harmful  effects  of  cortisone  on  calcium 
and  nitrog(‘n  metabolism  (7,  S),  It  should  be  stressed  that  in  these  studies 
bone  biopsi(*s  \v(*re  not  performed.  If  our  prt'vious  (9)  and  present  findings 
in  growing  rats  will  hold  triu*  for  childnai  receiving  long  term  treat nuait 
with  cortisone  or  its  d(*rivatives,  by  analogy  tlu*  addition  of  te.stosterone 
or  tlu*  newer  l(*.ss  virilising  anabolic  .substances  would  not  rest  on*  normal 
growth  or  heal  tlu*  o.s.s(*ous  lesions  and  would  only  add  the  harmful  effects 
of  these  hormones.  It  should  lu*  noted,  however,  that  the  dosage  per  body 
w(*ight  of  both  cortisoiu*  and  androg(*nic  or  anabolic  .sub.stances  u.sed  in  tlu* 
pr(*vious  and  the  pres(*nt  animal  exp(*riments  an*  high  compared  to  tlu* 
dosag(*  p(*r  body  weight  used  in  humans.  Therefore*  final  judgement  as  to 
the  eff(*ct  of  anabolic  drugs  in  counteracting  cortisone  action  in  humans 
should  1)(*  withlu*ld  until  furtlu*r  studies  using  different  anabolic  cortisone* 
ratios  have  be*en  e*arrie*el  out. 
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('ONVERSION  OF  AXDK()STi:XFni()XF-4-('*^  TO 
KSTROXK  BY  THF  MARMOSET  PLAC'EXTM 


KEXXETII  .1.  RVAX,2  KURT  BEXIliSCHKF/ 

Axi)  OLIVE  W.  SMITH 

l’(  ari»g  Ht  senrch  Lahorntori/,  Free  Hospital  for  Women,  lirookline,  Massacliasdis. 
Departments  of  Obstetrics  and  Gijnecologn  and  Pathologn.  Harvard 
Medical  School,  Boston,  Ma,ssachusetts 

ABSTRACT 

C’onvprt>ioii  of  !in(lr().stpiio(Uon('-4-C'^  to  pstroiK'  lias  bi'cii  ri'ported  usiiifi;  a 
jin'iiaration  of  the  marmoset  monkey  plaeenta  in  vitro.  A  possible  ndationship 
of  plaeental  endoerine  function  with  fetal  sexual  develoiiment  as  it  mi<«;lit  iier- 
tain  to  the  free-martin  has  also  been  discussed. 

Although  there  is  a  considerable  body  of  Inological  data  correlating 
L  endocrine  function  of  the  placenta  with  viviparity  (1),  there  is  still  a 
paucity  of  direct  information  on  hormone  production  by  this  organ  in  spe¬ 
cies  other  than  man.  Aromatization,  an  important  step  in  estrogen  forma¬ 
tion,  has  been  well  documented  in  the  human  placenta  (2),  but  not  in  the 
placentas  of  other  animals. 

The  pre.sent  report  is  part  of  a  study  of  the  comparative  biochemistry  of 
the  placentas  of  various  species  and  documents  the  conversion  of  andro- 
stenedione-4-C‘^  to  estrone  by  th('  marmoset  monk(‘y  placenta  in  approxi¬ 
mately  10%  yield.  The  rationale  for  the  use  of  this  particular  species  to 
initiate  the  study  came  from  a  consideration  of  the  possible  relationships 
of  placental  function  and  .structure  to  the  etiology  of  the  Free-martin. 
Free-martins  occur  in  cattle  pregnancies  with  relative  frcupiency,  and  since 
Lillie’s  cla.ssic  ob.servations  in  1917,  the  best  theory  ndating  to  their  (!(>- 
velopment  is  still  the  concept  of  in  uicro  sterilization  of  the  female  catth* 
fetuses  by  their  male  twin  partners,  presumably  by  a  blood-borm*  andro¬ 
gen  (8).  This  is  possible  only  by  virtue  of  the  vascular  anastomo.ses  b(‘- 
iween  fraternal  twin  placentas  in  cattle.  Although  such  vascular  ana.s- 
tomoses  are  rarely  found  in  other  species,  they  do  occur  in  marmosets  (4) 
and  man  (o).  However,  the  Free-martin  has  not  been  observed  in  human 

R(‘ceiv(‘d  February  20,  1901. 
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or  marmof^et  pregnancies.  While  the  etiology  of  the  Free-martin  is  still 
obscure,  it  is  possihh*  that  special  enzymatic  prop<>rtios  of  the  placenta 
may  he  the*  n'ason  for  the  species  (lifferenc(‘s. 

EXPERIMENTAIi 

Marniim  t  {‘rtiiniinnj :  A  pair  of  “lion  mariiioscts"  (hcoiitocehus  rosalia)  was  pur- 
cliased  shortly  after  iini)ort  and  kept  in  a  larne  eafje  at  S5-9.Y  F.  Their  niaiiiteiianee  dii't 
eonsisted  of  fruit,  milk,  meal  worms  and  bread  with  oeeasional  su|)plements  of  ground 
fresh  beef  and  newborn  rodents  whieh  are  partieularly  important  during  pregnancy, 
ritraviolet  exposure  was  given  daily  for  lo  minutes.  Ai)pro\imately  two  months  after 
eaidure,  it  became  apparent  from  an  increase  in  girth  and  weight  that  the  female  was 


Fir..  1.  Photograph  of  twin  marmoset  placenta  and  fetu.ses.  Prominent 
vascular  anastomoses  are  indicated  by  arrows. 


pregnant.  -\t  approximately  four  months  of  gestation,  the  female  was  anesthetized  with 
an  intraperitoneal  injection  of  0.3  ml.  veterinary  Nembutal  and  lajiarotomy  performed 
45  minutes  later.  .V  typical  twin  iiregnancy  was  interrupted.  Tin*  two  female  fetuses 
were  alive,  each  weighing  20.5  gm.  and  measuring  S.4  cm.  crown  to  rump  and  17  cm. 
snout  to  tail.  The  placenta  was  a  fused  organ  with  at  least  two  jirominent  vascular 
anastomoses  (Fig.  1).  It  weighed  17.S  gm.  and  measured  3X3X0. 5  cm. 

Tissue  prepnrntioii  and  Incubation:  The  placental  tissue  was  jirepared  as  previously 
described  for  the  human  jilacenta  (2)  and  the  SOOXgm.  supernatant  fraction  was  em¬ 
ployed.  \  jiortion  of  this  jireparation  ecjuivahMit  to  S.2  gm.  wet  weight  of  tissue  was 
incubated  with  13.2  /zg  androst-4-ene-3,17-dione-4-C’^  ( 1.3X10"  epm.)  (New  Kngland 
Nuclear)  in  jdiosphate  buffer  at  pH  6.8  with  10  ATP  and  10  /lxM  DPN  in  a  total  vol¬ 
ume  of  5  ml.  at  37°  C  for  four  hours  with  air  as  the  gas  i)hase.  A  jsero  time  control  flask 
containing  the  entire  system  was  prepared  and  processed  in  parallel  with  the  incubated 
flask. 

Measurement  of  Radioactivity:  Determination  of  radioactivity  was  carried  out  by 
plating  at  infinite  thinness  into  disposable  aluminum  ))lanchets  and  counting  in  a  gas- 
flow  counter  operated  in  the  Geiger  region.  The  procedure  employed  by  the  Biophysics 
Department  of  Harvard  Medical  School  was  followed  (6). 
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Estrogen  Measurements :  Analyses  of  estrogens  were  carricvl  out  in  (luplioate  using  the 
snlfurie  acid  fluoreseence  technique  described  by  Slaunwhite  et  at.  (7). 

Column  i)artition  chromatography  was  employed  using  a  ('elite  column  prepared  as 
described  by  Engel  et  at.  (8).  The  formation  of  estrone  methyl  ether  and  its  subsequent 
l)urification  and  alumina  chromatography  were  performed  as  described  by  Brown  (9). 
Fai)er  chromatography  was  carried  out  using  the  Bush  method  (10)  at  room  tempera¬ 
ture  with  solvent  systems  noted  in  the  text.  Details  of  chromatography  and  elution  have 
been  previoush’  reported  (11). 


RESULTS 

Initial  purification :  The  contents  of  the  inculiation  flask  and  the  zero- 
time  control  were  extracted  8  times  witli  0  volumes  of  chloroform  and 
processed  individually.  The  afpieous  phase  and  tissue  w('re  treated  with 
ten  volumes  of  hot  acetone,  the  mixture  filtered  and  the  acetone  evap¬ 
orated.  The  remaining  aqueous  residue  was  then  re-extracted  with  0  vol¬ 
umes  of  chloroform  3  times  and  the  chloroform  fractions  pooled  and  evap¬ 
orated  to  dryness  in  vacuo.  The  recovery  of  radioactivity  to  this  point  was 
S.5%.  The  chloroform  residue  was  then  subjected  to  a  phenolic  purification 
between  toluene  and  IN  NaOH  (12).  In  the  incubated  experiment,  25% 
of  the  starting  radioactivity  (33,  488  cpm)  was  recovered  in  the  phenolic 
fraction.  The  zero  time  control  contained  less  than  1%  of  the  starting  radi¬ 
oactivity  in  this  fraction  and  was  not  processed  further. 

Purification  of  the  Phenolic  Fraction:  The  phenolic  fraction  containing 
33,488  counts  per  minute  was  next  subjected  to  an  eight  transfer  counter- 
curnmt  distribution  between  toluene  and  X  XaOH  (13).  The  higher  num- 
ber(‘d  tubes  which  contained  the  phenolic  fraction  accounted  for  70%  of 
the  applied  radioactivity  (22,  347  cpm)  (Fig.  2).  Tubes  5-8  of  the  distribu¬ 
tion  were  pooled  and  applied  to  a  Celite  column  with  200  mS  oach  of  es¬ 
trone  and  estriol  and  220  gg  of  estradiol  as  carriers.  Alternate  tubes  off  the 


Fig.  2.  Eight  transfer  eounter  current  <li.strii)ution  between  toluene  and  1  X  XaOH. 
The  lower  layers  were  transferred.  The  jihenolic  fraction  is  contained  in  the  higher  num¬ 
bered  tubes. 
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column  were  counted  and  in  the  areas  of  concentration  of  the  counts,  (*ach 
tube  was  counted  for  radioactivity  and  analyzed  for  estrogens  by  fluores¬ 
cence  in  duplicate.  Ninety-seven  percent  of  the  applied  radioactivity  was 
recovered  otT  the  column.  The  p(‘ak  for  radioactivity  and  for  estrone  car¬ 
rier  fluorescence  coincided  and  the  curves  for  both  counts  p(‘r  minute  and 
carri(‘r  fluorescence  were  sup<*rimposable  (Fig.  .3).  Tlu'  estrone  curve  con¬ 
tained  of  the  applied  radioactivity  and  the  recovery  of  the  estroiu* 
carri(*r  was  W)%.  After  the  estrone  had  been  recovered  from  tlu*  column, 
gradient  ('lution  was  start (‘d  employing  ethyh'iu*  dichloride :trimethyl- 


Fig.  .‘I.  Partition  cliromatoKraphy  of  the  phenolic  fraction  on  (’elite.  The  stationary 
jiiiase  was  90%  methanol,  the  moving  phase  was  trimethylpentane.  The  closed  circles 
rei)resent  fluorescence  of  estrone  carrier,  the  open  circles  represent  epm. 


pi'iitane  (1:1)  and  9()  tubes  of  one  column  volume  each  were  collected. 
Th(‘re  was  a  p(‘ak  of  radioactivity  in  the  estradiol  portion  of  the  curve 
which  coincidc'd  with  the  e.><tradiol  carrier  and  accounted  for  9%  of  the 
appli(‘d  radioactivity.  In  addition,  then*  were  peaks  of  radioactivity  on 
(‘ith<‘r  side  of  the  estradiol,  but  the.s(*  metabolites  hav’e  not  been  identified. 
Then*  was  no  radioactive  peak  in  the  estriol  portion  of  the  curve  and  tlu* 
carri(*r  {*striol  was  r(*cover(*d  d(*void  of  radioactivity. 

PurifirntioH  of  Radioactive  Estrone:  Statistical  analysis  of  tlu*  e.stroiu* 
curv(*  ofl‘  tlu*  Celite  column  (I’ig.  3)  revealed  a  specific  activity  of  50.3  ±3.9 
cpm/)Ltg  with  a  Chi-sciuare  of  4.5  and  a  P  of  0.9  over  10  tubes.  The  tub(*s 
und(*r  tlu*  curv(*  wen*  pooh'd  and  aliviuots  subject(*d  to  pap(*r  chromatog¬ 
raphy  in  3  syst<*ms  as  described  in  Tabu*  1.  The  radioactivity  coincid(*d 
with,  the  carrier  (*stron(*  in  (*ach  system  and  the  sp<*cific  activity  was  con¬ 
stant  (Table  1).  The  estrone  eluted  from  the  chromatograms  was  pooled. 
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TaHI.K  1.  Ft  KIKUATION  OK  K  A  1)10  ACTI  V  K  KSTRONK 


Fuiificatioii  step 

('.P..M. 

Speeifie  aetivity 
n.!;/epm 

('elite  Column  (Hi  tubes) 

.')(*  . 3  ±3.1* 

Paper  ehromatography* 

Littroin /IWi'i  methanol 

!»8t) 

18.1* 

.il  .1* 

l.igroin ’.toluene  (2;l)/7e)'  )  methanol 

121*8 

25 . 5 

.ie*.i* 

HTt) 

28.3 

52.2 

Toluene  /75''i  met  haiiol 

l.i84 

3(* .  3 

52.3 

Met  hy  hit  ion 

44i*.") 

1*.5 

47.3 

Alumina  ehromatoi;raphv 

41.5.') 

88..') 

4().l* 

Paper  ehromato(^ral)hy*  of  methyl  ether 

I.if'roin/ati'i  methanol 

8t)2 

17.8 

48.4 

*  Ali(iuots  of  the  total  i)ool  wiTo  uscal  for  pupiT  cliroinato/rains. 


methylated  and  purifit'd  Ity  solvent  partition  and  alumina  chromatography 
(9).  An  alitpiot  of  the  methyl  eth(*r  was  also  subjected  to  paper  chromatog¬ 
raphy  after  purification  on  alumina.  Through  all  th(*s(‘  steps  the  spt'cific 
activity  remained  essentially  constant  (Table  1). 

In  a  s(‘parat(*  (‘xpt'iiment  with  anotlu'r  marmost't  plactmta  wlu'n* 
purification  was  carrit'd  only  through  Ct'litt*  partition  chromatography, 
similar  results  w(‘re  obtaini'd. 

Diseussiox 

Tlu*  convcTsion  of  androstenedione-4-C‘^  to  estrone  has  now  becm  dem- 
onstrat(*d  for  the  marmoset  placenta  in  a  manner  analogous  to  studies  with 
human  material.  Radioactive  .substrate  was  employ<*d  in  these  exp(*ri- 
ments  because  of  tlu*  limit(‘d  supply  of  ti.ssue  and  the  unpredictability  of 
th<‘  ext(*nt  of  conversion.  It  is  appanmt  how(*v(*r  that  tlu*  marmosi't  pla¬ 
centa  is  active  in  the  aromatization  reaction. 

Tlu*  criteria  for  radiochemical  purity  of  the  radioactive  e.strone  em- 
ploy(*d  in  this  study  are  similar  to  tho.se  propos(*d  by  Baggett  et  al.  (14). 
An  eight  transfer  distribution  was  employ(*d  to  .s(*parat(*  tlu*  plu*nolic  frac¬ 
tion,  and  the  fine  r(*solution  of  C(*lite  partition  chromatography  was  (*m- 
ploy(*d  with  statistical  evaluation  of  the  sp(*cific  activities  of  the  individual 
tub(*s  in  the  e.strone  curve.  Subs(*quent  purification  on  multiple  pap(*r 
chromatograms  and  the  r{*lativ(*ly  .sp(*cific  proc(*dur{*s  of  Brown’s  m(*thyl 
(*ther  formation  and  alumina  chromatography  (9)  wen*  utilized  with  a 
constant  specific  activity  of  the  estrone  through  all  the  purification  st(*ps. 

Although  it  is  r(*asonable  to  assume  that  this  aromatization  r(*action  is 
part  of  tlu*  normal  bio.synthetic  pathway  for  (*strog(*n  production,  this 
point  still  needs  rigorous  confirmation.  From  a  comparative*  point  of  vi(*w, 
it  would  b(*  int(*resting  to  s(*(*  if  tlu*  placentas  of  all  sp(*ci(*s  capable*  e)f  pla- 
e*e‘ntal  e*stre)ge*n  formatiem  e-ontain  this  e*nzynu*  syste*m,  anel  e*e)nve*r.se‘ly  tee 
clu*ck  for  its  abse*nce*  in  the  none*stre)ge“n  pre)elue‘ing  plae*e*nta.  Be*rtine*nl  le) 
this  stiuly  are*  the  pre*liminary  unpublishe*el  elata  with  cattle*  plae*e*ntas 
proe*e*sse*el  in  a  manner  similar  te)  that  ele*scribe*el  pre'viemsly  (2).  Using  an 
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incuhation  systt'in  as  reported  for  the  human  placenta,  aromatization  could 
not  he  (h'lnonstrated.  It  is  planned  to  repeat  this  work  with  radioactive 
substrates.  The  initial  nt'gative  results  may  well  be  due  to  technical  limita¬ 
tions,  but  the  cow  cannot  maintain  pregnancy  after  oophorectomy  without 
some  replacement  therapy,  suggesting  that  th(‘  cow  placenta  does  not  pro¬ 
duce  as  much  steroid  hormone  as  the  placentas  of  other  spc'cies  (c/.  1). 

The  relationship  of  the  aromatization  reaction  to  the  Free-martin  is 
(piite  immediate.  In  cattle,  the  occurrence  of  the  Free-martin  in  fraternal 
twin  pr(‘gnancies  may  be  due  to  an  “androgen”  produced  by  the  mah* 
fetus  which  (‘xerts  its  effect  via  vascular  anastomoses  between  the  twin 
placenta**.  Such  an  “androgen”  might  not  be  expected  to  persist  or  accum¬ 
ulate  in  the  presence*  of  a  highly  effective  aromatizing  enzyme  system. 
This  may  account  for  the  absence  of  the  Free-martin  in  human  and  marmo¬ 
set  pregnanci(*s,  in  spite  of  known  vascular  ana.stomo.ses,  which  in  the  hu¬ 
man  an*  sufficient  to  r(*.sult  in  blood  group  chimeras  (4,  o). 
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ABSTRACT 

A  sonsitivi',  rapid  nu-tliod  lias  liccn  stamlardizi'd  for  nieasurciniMit  of  stcroid- 
d/j-ol-di'liydrofii'iiaso  activity  in  tlic  adrenal  filand  hy  detorminins  the  amount 
of  ultraviolet  absorbing  (240  ni/i)  inati'rial  formed  from  dehydroe/u'androster- 
one.  The  method  permits  assay  of  the  activity  of  single  adrenals  of  individual 
rats,  thus  making  it  jiossible  to  determine  activity  by  both  biochemical  and  his- 
tochemical  techniipies  in  individual  experimental  animals.  Activities  of  bovine, 
rabbit,  and  human  adrenals  have  also  been  determined. 

The  enzyme  steroi(l-3|3-ol-(lehy(lrog;('nase  can  l)e  demon.st rated  by 
biochemical  and  histo<*hemical  means  in  all  normal  steroid-hormom*- 
producins  tissues  (1-6),  but  is  not  detectalde  in  other  tissues.  This  (mzyme 
converts  Cjs  and  C.>i  steroids  with  the  A'’-3/3-hydroxyl  structure  to  those* 
with  the  A^-8-ketone  grouping  characteristic  of  most  of  the  active  steroid 
hormones.  It  apparently  differs  from  an  enzyme  prexsent  in  liver  that  cata¬ 
lyzes  the  reduction  of  3-keto-steroids  (7-9)  and  which  has  been  named 
3(3-hydroxysteroid  dehydrogie'nase. 

To  correlate  histochemical  observations  with  biochemically  measured 
differences  in  function  of  a  steroid-producing;  gland,  it  is  desirable  to  study 
the  enzyme  by  both  types  of  method  in  tis.sue  from  individual  animals.  A 
biochemical  techniciue  has  now  been  devis(‘d  that  is  sufficiently  sensitive* 
to  permit  determination  of  steroid-3i3-ol-d(*hydrogenas(*  activity  in  a  single* 
rat  adrenal.  It  is  thus  much  more*  sensitive  than  a  methoel  previously  pub¬ 
lished  (3),  which  require*d  3-o  gm.  of  bovine  adrenal,  or  the  combine*el 
adrenals  of  five  or  more  guinea  pigs  or  of  approximate*ly  .70  rats.  It  is  alse) 
more*  rapid  and  more*  easily  pe*rforme*el. 

MATERIALS  ANT)  METHODS 

8prague*-l)a\vley  rats  (('harlcs  River  Farms)  were  killed  by  decapitation  and  e*x- 
sanguination.  The*  adrenals  were*  weighed,  then  imnu*diate*ly  homogenize*!!  or  froz(*n. 

Receive*d  March  3,  19(11. 

*  Supporte'd  by  Res(*arch  Grant  A-279.0,  National  Institutes  of  Health,  Unite'd  State's 
Public  Health  Service. 

^  Langer  and  Podos  {Prog.  43rd  Endocrine  Soc.  Meet.,  p.  48,  19(11)  have  sugge*sted  the 
more  specific  name  A“-.3/3-hydroxysteroid  dehydrogenase  for  this  enzyme. 
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lioviiK'  ndrcnals  wen*  nhtaincil  at  tlic  slaufjhtcr  house  and  frozen  as  soon  as  possible. 
Rabbit  adrenals  and  a  normal  human  adrenal’  were  also  frozen.  Aeetone-dried  prepa¬ 
rations  of  beef  and  rat  adrenals  were  made  by  homogenizing  the  tissue  in  a  Waring 
bh'tidor  in  the  eold  two  times  with  tc'n  volumes  of  acetone  ('aeh,  followi'rl  by  flrving 
overnight  at  4°  ('  over  IM)„.  The  powders  were  stored  at  —  15° 

Th(‘  tissue-homogenizing  medium  eonsistetl  of  e([ual  parts  of  0.0'/|  sodium  chloride 
anil  0.1  -M  phosphate  buffer,  j)!!  7.4  (d).  On  the  basis  of  |)revious  ex|)erience  (3).  and 
(h‘i)ending  on  the  amount  of  tissue  available,  the  final  volumes  of  homogiuiate  were 
adjusted  .so  that  the  tissue,  volume  relationships  in  the  “concentrated”  homogenati's 
were  as  follows:  rat  adrenals.  2-5  mg. /ml.;  rabbit  adrimal,  (id  mg.  ml.;  human  adrenal. 
200  mg.  ml.;  bovine  adrenals.  350-700  mg.  ml.  According  to  the  amount  of  matmial 
available,  incubations  were  carried  out  with  two  to  five  different  concentrations  of  each 
homogenate,  dilutions  being  made  with  phosphate-saline. 

'I'he  tissue  pr»“parations  were  incubated  in  a  Dubnotf  shaking  incubator  in  air,  at 
37°  ('.  in  25-ml.  F.rlenmeyer  flasks  with  ground-glass  necks.  For  each  tissue  concentra¬ 
tion,  four  flasks  were  used.  Two  flasks  were  tissue  blanks  and  contained  1.0  ml.  of  ho- 
mogeiiati',  0.1  ml.  propyhuu'  glycol,  and  0.2  ml.  of  a  solution  of  diphos|)hoi)yridine 
nucleotide  (I)PN)  containing  30  mg.  ml.  Two  flasks  contained  the  abovi'  materials  plus 
.')00  //g  dehydroe/nandrosterone.’  In  some  experiments.  A’-pr(‘gnen-3i3-ol-20-one  was 
substituted  for  dehydrocpiandrosterone. 

Two  extraction  procedures  have  been  usetl.  In  early  studies  (procedure  A),  after  incu¬ 
bation.  0.10  ml.  3  M  acetate  buffer,  jjH  5,  was  added  to  the  flasks  to  stop  the  reaction. 
'Pen  ml.  of  ethyl  acetate  were  added  and  the  flasks  were  stoppered,  shaken  vigorously 
by  hand  .50  times,  and  allowed  to  stand  overnight  at  room  temperature'.  The  ethyl  ace¬ 
tate  was  decanted  and  dried  by  addition  of  .sodium  sulfate.  In  lati'r  studies  (procedure 
B).  th('  reaction  was  stojeped  by  plunging  the  flasks  into  ice  and  adding  0.2  ml.  glacial 
acetic  acid.  .\ft('r  addition  of  10  ml.  of  ethyl  acetate,  tlu'  flasks  were  shaken  50  times  by 
hand  and  then  placed  on  an  .V.  H.  Thomas  rotary  shaker,  at  4°  C.  fora  half  hour.  The 
ethyl  acetate  layer  was  thi'ii  di'canti'd  and  allowed  to  stand  overnight  at  room  tempera¬ 
ture,  ovi'r  sodium  sulfate. 

Following  either  extraction  proci'dure,  aliquots  were  evaporati'd  to  dryness,  the  resi¬ 
due  was  dissolved  in  ethanol,  and  the  absori)tion  at  240  mju  due  to  the  A’-3-ketone  group¬ 
ing  di'ti'iinined  in  a  Beckman  D.F.  spectrophotometer.  The  I'xci'ss  ultraviolet-absorbing 
material  formed  in  the  j)resence  of  dehydrop/>iandrost('rone  was  consideri'd  to  repri'sent 
A’-androstene-3.17-dione.  (See  next  .section.)  When  the  .substrate  was  A’-i)regnen-3/i-ol- 
20-one,  the  material  formi'd  was  considered  to  Ix'  jjrogesterone.  Results  art'  reitortt'd  as 
jug.  A^-androstt'uedione  formed  pt'r  minute  per  mg.  nitrogen.  Xitrogi'ii  content  of  the 
homogenatt's  was  th'tt'imined  by  a  micro- Kjeldahl  proci'durt'. 

EXPERIME\T.\L 

1.  Validity  of  analysis  for  A^-androstene-3,17-dione  by  ultraviolet  absorp¬ 
tion.  Homogonatc.s  of  bovine  adrenals  and  pooled  adrenals  of  rats  were 
incubated  in  amounts  large  enough  to  catalyze  conversion  of  d(*hydrocp<- 
androsterone  into  (juantities  of  A^-androstenedione  that  could  1h*  isolated 
by  papt'i-  chromatography  and  measured  by  the  Zimmermann  reaction. 

’  Removed  at  opt'ration  for  carcinoma  of  the  kidney  and  obtained  through  Dr.  .Jo.sei)h 
W.  .Jailer  and  Dr.  Donald  A.  Holub  of  the  D('|)artment  of  Metlicine,  Collegt'  of  I’hysi- 
cians  and  Surgeons,  Columbia  Fniversity. 

*  The  dehydroepiandrosterone  was  generously  provided  by  Dr.  A.  D.  Odell  of  General 
Mills,  Inc. 
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Fig.  1.  Validity  of  analysis  by  ultra  violet  alisorption:  comparison  of  results  olitained 
by  ultraviolet  absorption  (at  240  ni/.i)  with  results  obtaineil  by  isolation  of  jn-odurt  in 
two  typical  experiments.  These  exiieriments  are  in  terms  of  tissue  concentration. 

Etliyl  acetate  extracts  \v(M(‘  madi'  as  di'serihed  in  (3),  and  A^-androstiau'- 
dione  was  measured  in  two  aliriuots,  l)y  tlie  isolation  proei'dun'  fli)  and  tin* 
pr('.s(‘nt  speetrophotomidrie  nudhod.  As  can  lx*  si'en  in  Fifijure  1,  curves 
ohtaiiK'd  by  the  two  methods  were  tlu*  sami'  within  ('xpiMimmital  (uror. 

In  addition,  as  shown  in  FifJiurc*  2,  tlu'  ultraviolet  absorbinfj;  material 


Fig.  2.  Spectra  of  ethyl  acetate  extract 
from  a  rat  adrenal  homo>>;enate:  .\  =  si)ec- 
trum  of  extract  from  flask  incubated  with 
substrate,  H  =  spectrum  of  endogenous  ab¬ 
sorbers  in  extract  from  tissue  blank. 
A-B  =  spectrum  of  product  formed  from 
substrate  upon  incubation. 
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found  in  oxc(‘ss  of  that  of  tlio  tissue  l^lank  after  incubation  of  rat  adrenal 
homog(*nates  with  substrate  had  a  well-d('fin(*d  absorption  maximum  at 
2t0  ni/i,  which  agre<‘s  with  the  absorption  maximum  for  A'-amlrostenedi- 
one. 

l\ecoverv  of  ad<le<l  A'-androsten(“dion(“,  usinfj  proeedun'  li,  was 
\)7±2:2%. 

2.  Optimal  assaij  cotidilians.  Incubations  of  bovim*  adrenal  homo^:enates 
for  p(“riods  from  0  to  SO  minutes  (Fig.  ;i),  in  wliich  tlu'  extraction  was  by 
proc(‘dur(‘  A,  show(*d  tliat  the  rate  of  AMuidrostenedione  production  was 
linear  over  the  entire  period,  but  the  curve  did  not  pass  throufjih  the  origin. 
The  same*  was  true  with  rat  adrenals.  With  procedure  B  (F"ig.  4),  the  pro- 


TIME-  MINUTES  TIME-MINUTES 

Fig.  4.  Production  of  AMindro.>itcn(*(li-  Fig.  4.  Production  of  AUandrostenedi- 
onc  by  Ijovino  and  rat  adrenal  hoinoRe-  one  by  rat  adrenal  homogenates,  as  a  func- 
nates.  as  a  function  of  time  (proci'diire  .V).  tion  of  time  fproc(*dure  B). 

(luction  of  AMnulrosteiK'dioiK*  liy  rat  adrenal  preparations  was  linear  with 
time  ov(*r  (iO  minutes  in  one  experiment  and  over  40  minutes  in  another 
and  the  curvi's  did  pass  through  tlu*  origin.  A  40-minute  incubation  pi'riod 
was  cho.si'ii  for  the  .standard  procedure. 

Optimal  conditions  for  obtaining  linearity  with  time  have  not  yet  been 
found  for  such  .steroid-producing  tissues  as  te.stis,  ovary,  and  placenta, 
although  4/3-ol-dehydrog(‘nas(*  activity  can  lu*  demonstrated  in  all  these 
tissues  by  the  biochemical  procedure,  as  well  as  histochemically. 

The  optimum  range  of  tissue*  concentration  was  determine*!!  for  rat 
aelrenals.  Figure*  o  shows  that  the  amount  of  proeluct  forme*el  is  propor¬ 
tional  to  the  tissue  concentration  only  at  very  le)w  ti.s.sue  leve*ls  (less  than 
0,2  mg.  nitrogen  1.9  ml.).  Previously  (4),  a  linear  relation  was  founel  for 
bovine*  aelrenal  homoge*nates  over  the  range  from  1  to  10  mg.  nitrogen  (se*e 
al.so  Fig.  1).  With  tissues  of  other  .species,  whe*n  limiteel  amounts  are*  avail¬ 
able  and  optimum  tis.sue  concentrations  cannot  be  predetermineel,  it  i.' 
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Fig.  5.  Production  of  A^-androstenedione  by  rat  adrenal  homogenates,  as  a  function 
of  tissue  concentration  (30-minute  incubations). 

best  to  measure  activity  by  assaying  at  several  tissue  concentrations  and 
u.sing  that  portion  of  the  curve  that  is  linear  with  tissue  concentration  and 
which  most  nearly  passes  through  the  origin. 

Dehydrocpfandrosterone  was  a  better  sub.strate  than  A^-pregnen-3/3-ol- 
20-one  for  the  enzyme  in  rat  adrenals.  Two  and  a  half  times  as  much  prod¬ 
uct  was  formed  from  dehydrocp/androsterone  per  minute  pi'r  mg,  nitro¬ 
gen.  A  range  of  concentrations  of  dehydrocp/androsterone  from  12o  mS 
to  1  mg,  was  tested,  and  oOO  gg  dehydrocp/andro.sterone  pi'r  1.9  ml.  was 
judgc'd  optimal  and  adopted  for  the  standard  proci'dure. 

Optimal  1)PX  concentration  was  determin(*d  to  be  (5  mg./1.9  ml.  The 
range  tested  was  1..)  to  12  mg.  1.9  ml.  This  was  triu*  for  large  amounts  of 
tissue  (boviiK*)  as  well  as  for  small  (rat). 

RESULTS 

1.  Demonstration  that  adrenals  of  a  single  animal  are  equal  in  aetiritg. 
Th(‘  activities  of  tlu*  individual  adrenals  of  two  adult  mah*  rats  wen*  d(*t(M- 
mined  individually  (Table  1).  In  each  the  activities  of  the  l(‘ft  and  right 
adri'iials  agreed  within  10%,  and  a.s.say  of  either  gland  would  demonstrate 
the  differi'iici*  betw(‘(*n  tlu'  animals. 


'FaKLK  1.  ('OMI'AKISON  OF  Al'TIMTIK.S  OF  KKFT  AM>  KMiH'l' 
ADKKNAI.S  OF  (►NK  ANIMAI*  K.M’KKIMKNT 


Procedun- 

(ilaiid 

Wt.  of  gland,  ing. 

/ig  produet/min./ing.N 

A 

left 

37 

111.8 

riglil 

34 

22 .  ti 

H 

left 

33 

11.4 

right 

32 

9.2 
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TaBLK  2.  StKKOII)  3ti-()l-l)KllYl)K(«iKN ask  ACTIVITIKS  ok  ADKKNAI.S  ok  VAKIOKS  SI’KCIKS 


1 

SpKcii's 

Pooled  (ilaiids 
(P)  or  ulands 
from  indi¬ 
viduals  (I) 

('oiidition 

of 

tissue 

Extraction 

procedure 

1 

Xo. 

preparations 

assayed 

MtsA-'-androstenedione 
/min./ mR.X 
(Mean  ±S.E.) 

I 

Fresli 

A 

H  j 

<» 

i  " 

Hi. 0+2.8 

14.4  ±1  .2 

P 

Frozen 

Aeetone-dried 

A 

A 

8 

2  1 

11.011  .2 

0.40 

Itiit, 

(ViiiaU* 

I 

Fresli 

A 

I 

17.2 

<)\ 

P 

Frozc'U  ' 

Aeetone-dried 

A 

A 

t 

I 

1 .14+0.14 
0.0110.10 

Itahhit, 

female 

1 

1 

Frozen 

A 

i 

1 

0.33 

Hninaii 

1 

Frozen 

A 

1 

1  3.0 

2.  Steroid-Si5-<>l-d<'fu/drogen(is('  aclivitiefi  of  odrenedn  of  various  species. 
Tahl(*  2  lists  the  adrenal  activities  in  various  sp(‘cies. 

Fr(‘sh  adn'iials  from  adult  male  and  fcunale  rats  had  (‘(jual  activities, 
forming  on  the  avcaaf?**  lo  jufj;  of  A^-androst(*n(‘dione  pc'r  minut(‘  per  ms- 
nitroK(*n.  Freezing!:  did  not  decrease*  activity  significantly.  However,  an 
ac(‘ton(*-dri(‘d 'powd(‘r  had  only  about  2..o%  of  the  activity  of  fr(*sh  tissue. 
Th(*re  was  no  significant  diffen'iice*  between  values  obtained  with  pro- 
c(‘dure  -V  and  those*  e)btaine*el  with  proe*e*elure*  B. 

Fre)ze*n  be)vine*  aelre*nals  hael  an  enzyme*  e*e)nte*nt  e*atalyzing  transforma- 
tie)n  e)f  abenit  1.2  mK  of  ele*hyelre)cpfanelrosterone*  to  A^-anelrostene‘elione  pe*r 
minute*  pe*r  mg.  nitre)ge*n  approximatedy  10%  of  the*  activity  of  the  rat 
aelre*nal.  The*  activity  e)f  the*  ae*e*te)ne‘-elrie*el  powele*r  was  about  e)ne*-half 
this  value*.  Fre)ze*n  rabbit  aelre*nals  hael  abenit  3%  of  the*  activity  of  rat 
aelre*nals.  A  neirmal  human  aelre*nal  hael  an  activity  inte*rme*eliate  betw(*en 
that  e)f  rat  anel  beivine*  aelre*nals. 

Diseussieix 

The*  me*the)el  ele*scribe*el  is  e*asily  pe*rfe)rme*el  anel  is  se*nsitive*  e*ne)ugh  tei 
assay  the*  ste*roiel-;id-ol-ele*hyelre)ge*nase*  activity  in  a  single*  rat  aelre*nal. 
Sine*e*  the*  ae*tivitie‘s  e)f  the*  two  aelrenals  are*  eepial,  one*  glanel  can  be*  use*el 
feir  bie)che*mie*al  e)bse*rvation  anel  the  other  for  histeichemical  observation. 

The*  activitie*s  in  the*  aelre*nals  e)f  various  spe*cie*s  of  animals  me*asure*el  by 
this  proce*elure*  cannot  be*  compare*el  with  those*  re*porte>el  (1-3),  because*,  on 
the*  basis  of  elata  now  available,  the  conditions  of  assay  us(*d  in  those*  e*arlie*r 
stuelie*s  we*re*  not  optimal  with  re*garel  to  eluration  of  incubation  and  per¬ 
haps  ne)t  optimal  for  all  tissue's  with  re'gard  to  tissue  concentration. 

The  se'cre*tory  activity  of  the  aelrenal  glands  of  all  these  various  spe'cie's 
has  ne)t  be*en  eletermine*d  as  ye*t  by  comparable  methoels.  However,  Vogt 


SeptciNhcr.  I.%‘l  STKROIlMd-OL-DKHYDHOdHXASK  ASSAY 


<125 


(10)  found  that  the  output  of  corticostoroiu*  hy  rat  adn'uals  was  about 
SO  /ug  per  gland  per  kg.  body  w(*ight  p(‘r  hour,  wlu'H'as  that  of  rabl)it 
adrenals  was  RO  juK-  Possibly  one  rat(*-liiniting  faetor  in  this  ditVen'nee  li(*s 
in  the  diff(*rent  d(‘grees  of  aetivity  of  st(‘roid-:i|tl-ol  dehydrogenase'. 

The  assay  proeedure  eannot  as  ye't  be  us(‘d  for  (piantitative'  nu'asure  of 
tlu'  ('iizyine  aetivity  in  oth(*r  steroid-horinoiu'-produeing  tissues,  although 
it  ean  demonstrate  the  presence  or  absence'  e)f  ae'tivity.  Ib'epiire'ine'nts  fen- 
e)ptiinal  aetivity  with  te'stis,  eevary,  anel  plae'e'iita  are'  unele'r  inve'stigatie)n. 
Perhaps  the*  elitfe're'ne'e's  in  re'epiire'ine'nts  in  the)se‘  tissue's  re'fle'ct  furthe'r  e'e)n- 
versiems  e)f  AMinelroste'ue'dione'  te)  ee)mpe)unels  lu)  longe'r  absorbing  at  240 
mg,  e'.g.,  an  e'stre)gen.  In  the'  aelre'iial  alse),  the*  h've'ling  e)tf  at  higlu'r  tissue' 
concentrations  might  be*  a  re'fle'ction  e)f  re'aetions  re'inoving  A^-anelre)ste'ne'- 
elione  as  it  is  fen-me'el.  The  aelelition  e)f  large*!-  ame)unts  e)f  substrate*  e)r  e)f 
DPX  was  withemt  e*ffect  in  any  e)f  the*  tissue's. 

More*  pre)bably  the*  eliffe*rence*s  in  re*eiuire*me'nts  re'fle*et  eliffe're'iiee's  in  the* 
relative  concentrations  of  steroiel-proelucing  ce'lls  in  the*  varienis  organs. 
Ilistochemically,  we  have  ele'inonstrate'el  (o)  that  all  aelre*nocortical  e*e'lls 
are  active,  where'as  only  the  Le'yelig  ce*lls  e)f  the  te*stis  are  active*,  anel  much 
e)f  the*  .stroma  anel  the*  follicular  e*pithe*lium  in  the*  ovary  are  inactive*.  Anel 
in  the  rat’s  place*nta,  only  a  small  portion  of  the*  trophoblast  is  active*  (0). 
In  the*  te'stis,  placenta,  anel  to  a  le*sse*r  de*gre*e*  in  ovary,  the're*  is,  the're'fore*, 
a  significant  amount  e)f  inactive*  tissue*  to  elilute*  the*  active*  e*e‘lls.  Othe*!- 
e*nzyme  .syste*ms  in  the*  inactive*  tissue's  may  use*  up  e*nele)ge*ne)us  co-factors 
as  ye*t  unele*te*rmine*d,  or  the  inactive*  tissue*  may  pre^eluce*  inhibite)ry  sub¬ 
stance's. 
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PARTIAL  DEIOniXATIOX  OF  L-THYH()XIXF‘-= 

i:UXICK  V.  FLOCK,  JKSSF  L.  BOLLMAX,  JOHX  H. 

(JRIXDLAY,  AM)  (;E()R(;K  H.  STOBIF 

Sa:tionf>  of  liioihcuihtrij  anrl  Surgical  Research 
Mago  Clinic  and  Maya  Foundation,  Rochester,  Minnesota 

AHS  rUA(  T 

'I'lu*  uiiidontifiod  jtlueuronide  previously  <U‘scril)ed  in  doR  bile  or  in  urine 
of  the  deliepatized  dop;  followinn  the  administration  of  l'•*'-thyroxine  (T4)  lias 
been  identified  chromatosraphieally  as  3,3 ',5'  triiodothyronine  shicuronide. 

3,3', 5'  Triiodothyronine  (3, 3', 5'  T3)  also  was  found  in  smaller  amounts  in  the 
free  state  in  bile  and  in  the  plasma  of  the  dehepatized  dog.  Some  of  this  com¬ 
pound  was  conjugated  with  sulfate,  and  some  was  found  in  an  unidentified 
acid-labile  conjugate.  Formation  of  3,3', 5'  T3  from  thjToxine  (T4)  involves 
removal  of  an  iodine  atom  from  the  phenolic  ring,  and  thus  is  the  same  type  of 
reaction  noted  earlier  in  the  conversion  of  3,5,3'  triiodothyronine  (T3)  to  3,3' 
diiodothyronine.  Loss  of  this  iodine  atom  results  in  biologic  inactivation  of 
these  thyroid  hormones. 

Another  metabolite  of  T4  was  found  to  be  3,3'  T2  which  was  conjugated 
with  sulfate.  Formation  of  this  substance  involves  the  removal  of  one  iodine 
atom  from  each  of  the  rings.  In  spite  of  this  evidence  for  removal  of  from 
the  ring  with  the  alanine  side  chain  by  extrahepatic  tissues,  deiodination  of  this 
ring  of  T4  is  much  less  complete  in  dehepatized  dogs  than  in  dogs  with  livers 
as  shown  by  the  decreased  output  of  railioactive  iodide  in  the  urine  of  the  de- 
hejiatized  dog. 

A  PARTIALLY  (hdcxlinatc'd  radioactivo  metabolite*  of  L-tri- 

iodothyroiiiiu*  (Td),  labe'led  with  P‘”  in  po.sition  ‘.V,  namely  3,8' 
diiodothyroniiK*  (3,3'  T2),  has  l)(*en  found  as  a  sulfoeonjugate  in  the  bile 
of  the  dog:  (1).  Our  studies  have  indicated  that  more  3,3'  T2  sulfate  than 
T3  sulfate  is  (‘xcret(*d  in  bile  and  that  as  much  P’’*  is  excret(*d  in  bih*  in 
th(‘se  two  sulfoconj urates  as  in  T3  g;lucuronide  (2).  3,3'  T2  sulfate*  is 
re*adily  fe)rme*el  from  T3  by  the  elehe*patize*d  ele)^  also,  and  large*  amounts 
are*  fe)unel  in  be)th  the*  blooel  (3)  anel  urine  (4).  This  sulfate  plus  smaller 
amounts  e)f  T3  sulfate*  anel  the*  .sulfate  e)f  an  unielentifie*el  compounel  ac- 
e*e)unts  for  most  of  the*  1'=*^  e*xcre*te*el  in  the*  urine  of  the*  elehepatize*el  elog. 

In  e*arlie*r  stuelie*s  Re)che  anel  associates  (4)  anel  Closon  (o)  iele*ntifie*el  T3 
sulfate*  in  bih*  e)f  the*  rat  afte*r  the*  inje*ctie)n  of  T3.  Trace*  ame)unts  e)f  fre*e 

Kcccivcd  .March  7,  ItMU. 

’  Head  at  the  meeting  of  the  American  (’hemit-al  Society.  New  York.  New  York. 
.September  11  to  Hi.  19(>(). 
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tional  Institute  of  .Arthritis  and  Aletabedic  l)isease.s.  Public  Health  Service. 
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T2  also  have  bocai  found  in  tlio  kidney  ((>)  and  nuiscU*  (7)  of  tlu‘  rat 
after  tlie  injection  of  T3. 

Removal  of  iodine  from  position  5  in  either  thyroxine  (T4)  or  T3  results 
in  calorifsenieally  inactive  compounds,  namely  3,3', o'  triiodothyronine 
(3,3',o'  T3)  or  3,3'  T2  (S,  9).  Because  we  found  3,3'  T2  in  large  amounts 
as  a  iiK'taholite  of  T3,  chiefly  in  conjugat('d  form,  we  lookc'd  for  3, 3', o'  T3 
in  th(‘  conjugates  excnded  in  hih*  of  the  dog  giv(Mi  T4  and  also  in  blood 
and  urine  aft(*r  hepat(‘ctomy.  We  previously  d(‘scrib(>d  an  unidentifi(‘d 
glucuronid(*  which  accompani(*d  T4  glucuronide  in  dog  bih*  (10)  and  in  tin* 
urine  of  the  dehepatizi'd  dog  (1 1);  from  this  a  compound  was  lilx'rated  on 
incubation  with  |3-glucuronidase  which  had  Rf’s  on  paper  chromatograms 
just  below  those  of  T4.  W(‘  also  looked  for  sulfoconjugates  of  T4  or  its 
derivatives. 


MKTHOUS 

Dogs  weighing  from  6.0  to  12.0  kg.  were  used  in  this  study.  L'T4  labeled  with  1*^* 
in  the  3'  or  5'  position  was  given  by  single  intravenous  injection  in  doses  of  28  to  63  (jlc 
or  1.1  to  4.9  Mg  per  kg.  of  body  weight.  Injections  were  given  to  six  dogs  half  an  hour  to 
2  hours  after  total  hepatectomy  (12),  and  to  five  dogs  each  with  intact  liver  after  can- 
nulation  of  the  common  bile  duct  and  cholecystectomy.  In  five  other  dogs  with  intact 
liver,  T4  was  injected  1  to  2  days  after  the  biliary  fistula  was  established.  Saline  solution 
or  a  mixture  of  saline  and  dextran  solution  was  given  by  continuous  intravenous  injec¬ 
tion  at  the  rate  of  20  ml.  per  hour  to  the  dehepatized  dogs.  Glucose  dissolved  in  this 
solution  was  given  at  the  rate  of  150  mg.  per  kg.  per  hour  for  6  to  15  hours  and  then  at 
higher  rates  up  to  350  mg.  when  indicated.  Saline  solution  was  injected  intravenously 
into  all  but  two  of  the  dogs  with  biliary  fistulas  at  the  rate  of  20  ml.  per  hour. 

Bile  and  urine  from  biliary  fistula  dogs  and  urine  from  dehepatized  dogs  were  col¬ 
lected  continuously  througliout  tlie  experiment,  and  l)lood  was  collected  at  intervals. 
The  radioactivity  of  l)ile.  urine  and  plasma  was  mea.sured  in  a  well-ty|)e  Xal  (tliallium 
activated)  scintillation  counter,  ('oliimn  and  paper  chromatography  were  used  to  sepa¬ 
rate  the  iodine  eomiamnds.  Tlu' enzymes,  bacti'rial  /d-glucuronida.se  and  Mylase  I*,  wen* 
used  to  hydrolyze  the  I'’'  compounds  which  wcue  conjugat(‘<l  with  glucuronide  and 
sulfate  respectively  (1). 

F.xtracts  of  urine,  bile  and  plasma  were  made  with  four  volumes  of  1:1  methanol- 
acetone,  as  i)reviously  described  (1).  Dried  methanol-acetone  extracts  were  dissolved  in 
50%  etlianol.  For  the  chromatograms,  aliciuots  containing  approximately  0.03  ixr  of  I*’* 
were  applied  on  a  spot  nc'ar  one  corner  of  10  by  12-inch  sheets  of  Whatman  3-M.M  filter 
l)aper  and  alitjuots  of  0.6  m<‘  w’ert'  stnaiked  on  I J  by  22-inch  strips  of  the  same  paper. 
The  two-<fimensional  chromatograms  were  develoi)ed  in  butanol-dioxane-ammonia 
(BDA)  for  20  hours  and  tliiMi  in  tertiary  amyl  alcohol,  2X  XH4OH  (T.\.\),  for  2  days. 
Radioautograms  of  tlu'  chromatograms  were  made  on  “no-sereen”  .\-ray  film.  Tlu' 
iodide  marker  was  located  with  palladium  (ddoride;  the  thyronine  markers,  with  diazo- 
tized  sulfanilic  acid.  Markers  run  with  the  unknowns  on  tlu‘  chromatograms  included 
iodide,  'I’d,  4  3,  tetraiodothyr(»acetic  acid  (tetrac).  3, 3', 5'  l'3  and  3,3'  4'2. 

44ie  radioactive  spots  on  the  two-dimensional  chromatograms  were  cut  out  and  the 
radioactivity  was  measured  in  the  scintillation  counter.  T'he  j)ercentage  of  total  radio¬ 
activity  on  the  chromatogram  which  was  present  in  each  spot  was  then  calculated.  In  a 
similar  manner,  radioautograms  were  made  of  two-dimensional  chromatograms  of  the 
radioactive  T4  after  it  was  simplj’  diluted  with  0.02  X  XH4OH  and  a  sample  of  5  pi  or 
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U*.<5;  was  pipcttcil  on  to  tlu‘  Hltrr  papor.  Tli(‘  strij)s  wort*  dovolopod  for  20  to  24  liours  in 
RDA.  Tin*  radioactive  areas  were  located  by  scanning  with  a  cliroinatoKrani  .scanner 
(Forro)  or  by  exposure  of  film  (Kastman  Linasraph  Ortho  film).  Radioactive  bands  were 
(“luted  with  ().02X  XH4OH.  I'^'  com|jounds  wer(“  incuabt(“d  with  /i-nlucuronidase  in  phos- 
l)h.ate  buffer  at  pH  0.5  at  .‘^7°  C  for  (U)  minut(“s.  Four  volunu's  of  methanol-acetone  (1:1) 
was  added,  and  the  mixture  was  centrifuK<‘d.  riu‘  extract  was  dri(“d  in  vacuo,  and  th(“ 
1'-*^  compounds  W(“re  separated  by  ])ai)er  chromatography. 

1*’’  compounds  also  were  incubated  overnight  with  .Mylas(“  1*  in  .M  15  phosphate  buf¬ 
fer  at  i)H  ().0  at  50°.  then  extracted  in  the  same  way  and  sejjarated  by  pajM'r  chromatog¬ 
raphy.  1'”  compounds  that  were  hydrolyz(‘d  by  /j-fflucuronidase  were  not  altered  by 
Mylas(“  P.  and  those  that  were  hydrolyzed  by  Mylase  P  w(“r(“  not  alt(‘red  by  /S-ailucuroni- 
das(“.  P^'  comi)ounds  after  elution  from  tlu'  paper  chromatograms  were  sonn'tinu's  dis¬ 
solved  in  X  HCl  and  boih'd  for  20  minutes;  tin'll  the  hydrolytic  jiroducts  wen*  separated 
on  iiaiier  chromatograms. 

Chromatograms  of  some'  siiecimens  were  made  also  on  the  kie.selfuuhr  column  with  4 : 1 
butanol-chloroform-0. 5X*  XaOH.  then  with  9:1  butanol-i)roi)anol-().5X  XaOH.and  finally 
with  water  as  (h'scrilx'd  elsi'wherc'  (11).  Com|)arison  of  the  effects  of  Mylase  P  on  the 
radioactive  peaks  from  the  column  chroma toftrams  with  the  efft'cts  of  this  (“iizyme  on  tin* 
radioactive  sjiots  of  the  iiajicr  chromatograms  has  resolvi'd  a  discrejiancy  noted  earlier  in 
a  study  of  the  urine  of  the  dehepatized  dog  (11).  .\t  that  time  an  ajiiireciable  iiortion  of 
the  early  asymmetric  jx-ak  of  the  column  was  thought  to  be  T4.  althouf'h  little,  if  any. 
free*  d'4  was  found  on  paper  chromatoKrains  of  the  urine.  In  the  jiresent  study,  we  havi* 
found  that  sulfoconjusutc's  and  possibly  other  unidentific'd  conjunutes  conn'  off  tin' 
kil'selKuhr  ('olumn  c'arly  and  nn'r^c'  with  or  overlap  the  T4  |)('ak.  Thes('  conjuKati's  ap- 
pc'ar  on  the  jiapi'r  chromatof'rams  to  the  riftht  or  lower  rifiht  of  iodide  and  ari'  in  larjje 
part  hydrolyzafih'  with  .Mylas('  P.  Wln'ii  small  samph's  of  urine  (1  ml.  or  h'.ss)  are  chro- 
matoKiapln'd,  tin'  }>;lucurono-conjunat('s  move  off  tin'  column  aftc'r  the  chan}?('  in  solvent.s 
from  butanol-chloroform-().5X  XaOH  to  butanol-pr(»p.'inol-().5X  XaOH.  When  c'xtracts 
of  ()  ml.  or  20  ml.  of  uriin'  arc'  chromatoKrapln'd  on  the  usual  0  ffin.  of  ki('S('lguhr  tin' 
fllucuronidc's  may  mov('  off  the  ('olumn  with  the  first  solvent.  .\  good  separation  of  T4 
glucuronhh'  from  ;L.3'.5'  T3  glucuronnh'  then  has  b('('n  obtaiin'd. 

RESULTS 

A  brief  .stunmary  of  results  is  }j:iv(*n  in  Tal)l(‘  1  to  pn'.seut  tin*  over-all 
pietur<‘.  l)(*tails  follow. 

liiUari/  Fistula.  Th(*  average'  fraction  of  the  do.se*  of  I'**  (*xcr('t('(l  within 
24  hours  after  tin'  injection  of  l'*‘-labele(l  T4  into  10  dogs  with  biliary 
fistulas  was  lS.o%  in  the  bile  and  20.0%  in  the  urine.  Tlu'  amount  circu¬ 
lating  in  the  plasma  at  the  end  of  this  period  was  7.2%  (Table  2).  The  five 
dogs  with  biliary  fistulas  given  injections  of  T4  within  2  hours  of  the  op(*ra- 
tion  excreted  10.4  to  :1S.1%  of  tlu*  do.se  in  the  urine,  whereas  the  five  dogs 
giv('n  the  T4  1  to  2  days  aft(*r  the  op(*ration  excreted  only  7.0  to  11.5%  of 
the  do.se  in  th(‘  uriiu'.  Only  oiu'  dog  in  each  of  these  two  groups  was  given 
bugol’s  solution  to  inhibit  uptake  of  iodidi*  by  the  thyroid.  None  of  the 
d<'h(*patiz('d  dogs  w(‘r<'  given  Lugol’s  solution,  .sinc(‘  the  opc'iation  has  bet'ii 
shown  to  d('cr('a.s('  thyroidal  uptake  of  iodide.  Xo  difien'uce  was  noted  in 
the  output  of  P*'  in  the  bile  when  the  dogs  with  biliary  fi.stulas  wen'  given 
T4  within  2  hours  of  the  operation  and  on  the  following  day.  Dehepatized 
dogs  ('xcret('d  much  h'ss  in  the  urim'  than  dogs  with  biliary  fistulas 
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TaBI.K  I.  ClINJlCATKl)  I'*'  I'OMI’orNDS  AKTKK  I \.l  K( 'TK  )N  OF  TllYKOXINK  IN  BILK  FKOM 
l)0<;s  WITH  BILIAHY  KISTFLAS  AND  IN  I  KINK  OI'  DKII K I’ATIZKI)  DOIiS 


IVrcciit  *  of  total  cxcri-tod  in 


compounds 

Hilet  from  dogs  with 
biliary  fistulas 

I’rineJ  from 
dehepatized  dogs 

Total 

100 

100 

(1  region  ; 

43  1 

41 

T4  ghicuronide  i 

22 

1  .Y 

T3  ghicuronide 

3  ' 

3, 3', 5'  T3  glucuronidi' 

10  , 

20 

Tetrae  glucuroniile 

4 

M  region 

18 

31 

T4  sulfati' 

2  (3§) 

3.3', .5'  T3  sulfate 

1  1 

4  (14§) 

3,3'  T2  sulfate 

'  (> 

10  (10§) 

Other  M 

0 

10 (0§) 

*  IVrcfiitaKcs  have  Ikh-ii  .smoothed  in  tliis  talile  to  .show  over-all  picture, 
t  Derived  from  averane  of  amounts  of  values  exeretiMl  in  hile  duriii);  first  24  hours  after 
dose  (Tallies  3  and  4). 

J  Derived  from  average  amounts  excreted  in  urine  in  24  hours  after  (lose  (Table  b). 

§  Percentages  found  when  M  region  was  hydrolyzed  with  X  H('l  instead  of  Mylase  P. 


whicli  rocoivcd  T4  on  tlu*  day  of  operation.  Tin*  plasma  It'vt'ls  in  tht*  dt'- 
hopatized  dof»:s  were  usually  higher  than  thost'  in  do^s  with  biliary  fistulas 
(Table  2). 

WluMi  th(*  compounds  ('xendt'd  in  bil(>  w(*re  (‘xamint'd  by  two-dimtai- 
sional  paper  chromatoKraphy,  somt*  fret*  T4  was  found.  Smalha-  amounts 
of  each  of  the  triiodothyronines,  T.4  and  To,  w(*r(‘  also  found  in  the 

frtH*  state  (Fig.  1,  Tabh*  R).  Most  of  th(‘  !'•*'  was  found  in  conjugatt'd  form 
in  radioactive  spots  to  the  right  of  and  below  the  iodid(‘.  Wlam  th(‘  glu- 
curonides  (Cl)  wert*  incubatt'd  with  /j-glucuronidase,  two  major  products 
were  liberatt'd,  one  of  which  coincidt'd  with  th(‘  T4  marktn-,  th('  other  with 
the  3, IT, o'  TIC  marker.  Minor  products  wen'  TIC  and  possibly  also  .some 
t('trac.  T4  ghicuronide  and  1C, 1C', o'  TIC  glucuronich'  arc'  difficult  to  separate 
completely  on  th<'  papc'r  chromatograms  run  in  ICDA.  How('V('r,  good 
separation  was  obtaiiu'd  when  a  concentrat(‘d  (*xtract  of  (i  ml.  of  urine  had 
been  chromatographed  on  a  kie.sc'lguhr  column.  W'lu'n  T4  glucuronidc' 
from  such  a  column  was  incubated  with  /3-glucuronidas('  and  the  hydro¬ 
lytic  products  w('re  .separated  on  a  pap('r  chromatogram,  a  radioactive*  T4 

TaBI.K  2.  1  )ISTRIBI  TI(1N  OF  1”'  IN  IXXiS  IN  THK  24  HOI  KS  AFTKK  IN.IKFTION  OF  T4 


Percent  of  dose  of  P’’  in  Ixxlv  fluids  of: 


Kluiil 

10  do'ts  with  biliary  fistulasj 

0  (hdiepatized  dogs 

Plasma  * 

7.2  ±0.0t 

11  .4  +  1  .0 

I'line 

20.0+4.0 

13.0  ±1.0 

Bile 

18..Y+2.1 

*  Pliisnni  volume  is  calculated  as  4..5' ,  of  body  weight, 
t  Mean  values  and  .standard  error  of  the  mean. 
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Fig.  1.  Radioautograms  of  typical  two-dimensional  chromatograms  of  bile. 

0.  Of  the  injected  as  T4,  13.4%  was  excreted  in  the  bile  in  6  to  24  hours.  Of  the 
amount  excreted,  37.7%  was  present  as  glucuronoconjugates  (G),  13%  as  sulfoconju- 
gates  (M),  3%  as  iodide,  4%  as  3,3',o'  T3,  18%  as  T4,  and  17%  as  T3. 

b.  Following  hydrolysis  of  the  glucuronoconjugates  with  |3-glucuronidase,  60%  of  the 
I*’*  in  the  hydrolysate  traveled  with  the  T4  marker,  14%  with  the  3,3 ',5'  marker,  4% 
with  the  tetrac  marker,  and  8%  with  the  T3. 

c.  Following  hydrolysis  of  the  sulfoconjugate  with  Mylase  P,  46%  of  the  I'®'  traveled 
with  the  T4  marker,  17%  with  the  3.3',5'  T3  marker,  and  4%  with  tho  T3  marker;  2% 
at  the  lower  edge  of  the  tetrac  marker  was  3.3'  T2. 


.sspot  appeared  without  the  3,3', o'  T3  .spot.  Likewise,  3,3', o'  T3  without 
T4  was  lib(‘rated  by  the  action  of  jS-glucuronida.se  on  3,3', o'  T3  slueuro- 
nide.  An  averagt*  of  42.0%  of  the  in  the  iiile  was  found  in  the  glucuro- 
nides;  approximately  a  half  of  this  I'®*  was  in  T4  glucuronide  and  a  fourth 
in  3,3',o'  T3  glucuronide  (Tables  1  and  4). 

An  average  of  17.9%  of  the  in  the  bile  was  found  in  the  sulfate  frac- 


TaBLK  3.  CxCONJl  CiATKI)  THYROXINES  IN  BILE 


Dog 

Hours  after 

Pc 

rcent  of  biliary 

|13l 

^  injection 

T3 

T4 

3,3 ',5'  T3 

1 

!  ()-(> 

4.4 

12.5 

3.S 

ti  24  1 

5 .() 

13.3 

4.4 

2 

1  (1  (i  1 

21  .3 

4 . 5 

3 

1  0  t; 

24  .  2 

7.1 

1 

0  (i 

14  .0 

5.S 

.  »  •»  2  4 

IS. 2 

5.0 

o 

i  0-6  ' 

1  4.0 

'  6.0 

1  6-24 

3.2 

2.0 

plctnhcr,  t.%‘1 

DEIODINATIOX  OF  THYROXINE 

T.\bi.k  4.  I”*  IX  ('ON.ir<:.\TKs  ok  bile* 

n;H 

IVn’eiit  of 

IVorliicts  liberated  by  (<-gbieiiroiiid 

ase,  percent  of 

total  ({lileuronides 

l>iliary 

1 

T3  T4  1 

3,3 ',.t'  T3 

Tetrae 

In  (jbicnronidns 

j 

»2.fi  ±2..t  (It) 

7.()±().!)  .V2.2>4.1 

23.0  13.3 

3.7  to. 3 

ill  Mvlasc-liydro- 

Prodiiets  lilii'rated  by  .Mylii 

ise  P,  pi'reelit  o 

f  .\I  region 

3,3'  T2 

3,3',.5'  T3 

1  Not  hydrolyzed 

17.!)  ±1.4  (!)) 

30.!)  ±3.8  (.5)  j 

4.2±1  .1  (?>) 

1  33 . 8  ±  7 . 4  (.')) 

*  Mean  valui's  an*  (jivon  for  the  major  conjugates  of  l)ile  collected  either  during  the 
lirst  (>  hours  or  the  next  18  hours  after  the  injection  of  T4.  Xuniher  after  ±  is  standard 
I'lTor;  number  in  parentheses  is  number  of  specimens. 


lion  (M).  Whon  tliis  was  incul)at(*d  with  Mylaso  P,  tlie  major  hydrolytic 
product  wa.s  found  to  be  3,8'  T2.  A  minor  product  was  3,3 ',5'  T3.  Om* 
third  of  tlie  1*®^  remained  in  an  unhydrolyzed  conjugate.  If,  however,  the 
sulfate  fraction  was  boiled  with  N  HCl,  hydrolysis  was  complete  and  much 
more  3,3', o'  T3  was  liberated.  It  thus  appears  that  3,3 ',.o'  T3  is  excreted 
in  the  bile  conjugated  with  at  least  three  different  .substances:  glucuronic 
acid,  sulfuric  acid,  and  an  unidentified  .substance.  Only  occasionally  was 
a  small  spot  of  radioactivity  found  in  the  T4  region  when  the  sulfate  frac¬ 
tion  of  dog  bile  was  examined  (Fig.  Ic). 

Hepatecfomif.  Dehepatized  dogs  made  the  same  organic  metabolites  of 
r4  as  the  dogs  with  livers.  In  fact  the  radioautograms  of  the  P®*  compounds 
in  urine  of  the  dehepatized  dogs  were  similar  to  those  of  bile  (Fig.  2). 
(llucuronides  of  both  T4  and  3,3',.5'  T3  were  excreted  in  the  urine;  tin* 
relative  amount  of  3,3',5'  T3  was  greater  in  urine  than  in  bile  (Table  o). 
riie  percentage  of  the  I'®*  found  in  the  sulfoconjugate  region  wa.s  also 
higher  in  urine.  When  the  region  was  hydrolyzed  with  Mylase  P,  the  most 
abundant  hydrolytic  product  wa.s  3,3'  T2,  but  both  T4  and  3,3', .5'  T3 
wer('  found.  When  the  region  was  hydrolyzed  with  acid,  much  more  3,3 '.5' 
T3  was  liberated. 

Much  of  th(*  P’’*  in  the  plasma  of  dehepatized  dogs  24  hours  aft(‘r  injec¬ 
tion  of  T4  was  found  to  be  unchanged  T4  (Table  6).  A  significant  amount 
of  3,3', 5'  T3  wa.s  also  present  in  the  fre(‘  state  with  a  similar  amount  of 
inorganic  iodide.  Small  amounts  of  glucuronides  were  pre.sent,  and  these 
increa.sed  from  (5  to  24  hours  after  the  injection  of  T4.  Larger  increases  in 
the  sulfoconjugates  were  found. 

When  the  commercial  radioactive  T4  was  chromatographed  directly,  a 
number  of  .spots  of  low  radioactivity  were  always  found  in  addition  to  the 
T4  spot  of  high  radioactivity.  The  .spot  clo.se  to  T4  in  the  3,3', .4'  T3  posi¬ 
tion  accounted  for  4  to  11%;  T3,  for  1  to  5%  and  iodide,  for  4  to  10%  of 
the  radioactivity.  When  the  T4  spot  was  eluted  and  rechromatographed,  a 
T4  spot  of  high  radioactivity  was  found  without  a  spot  of  radioactive; 
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G+/Q-gluc.  M  +  MyloseP  * 

Fig.  2.  Radioautofirimis  of  two-diiumsional  cliidinatonrains  of  urine  and  plasma  of 
a  dehcpatized  dofi. 

n.  1'^'  compounds  exendcfl  in  urine  from  (i  to  24  hours  after  the  injc'etion  of  T4  (S.()^ 
of  dose).  Of  tlie  I*^',  57%  was  found  in  spot  (1  wliieh  ineludi'd  both  T4  glueuronide  and 
3, 5'. 5'  T5  Klueuronide;  24%  was  found  in  spot  M  wliieh  included  a  small  amount  of 
5.3', 5'  T3  sulfate  and  a  larger  amount  of  3,3'  T2  sulfate. 

h.  I'^‘  compounds  in  jilasma  24  hours  after  injiadion  of  T4  (6%  of  dose).  Of  the  1'”. 
4!%  was  jireseiit  as  free  T4.  and  13%  as  free  3.3', 5'  T3,  at  the  right  of  the  T4. 

r.  Hydrolytic  products  liberated  from  urine  by  action  of  /3-glueuronidase  on  spot  (1 
Of  the  1'”,  58%  was  3, 3', 5'  T3,  and  34%  was  T4.  Although  both  markers  T4  and  3, 3', 5 
T3  are  indicated  by  the  dashi'd  lines  on  the  chromatograms,  each  was  added  to  only  oin 
of  duplicate  chromatograms. 

d.  Hydrolytic  products  liberated  by  Alylase  P  from  spot  M  from  urine.  Of  the  P” 
15%  was  3, 3', 5'  T3,  64%  was  3,3'  T2  (unlabeled),  and  19%  at  the  lower  edge  of  the  i 
marker  was  unhj'droh'zed. 
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T:^,  hut  (lid  contain  a  small  spot  of  radioactive*  iodide. 

These*  exp(*rini(*nts  sUKS(*st  that  some*  l)r(*akelown  of  T4  to  T3 

occurs  from  self-radiation;  some  hr(*ak(lown  of  T4  to  iodide*  occurs  both 
from  s(*lf-radiation  and  chromatography.  The  incivasing  amounts  of 
4, 8', o'  T4  found  in  the  dog  aft(*r  inj(*ction  of  T4  app(*ar  to  have  a  metabolic 
origin. 

COMMENT 

Partial  d(*io(lination  of  T4  occurs  ivadily  in  the*  dog  with  or  without  a 
liver.  On  the  basis  of  the  amount  of  4,8', o'  T8  which  accumulat(*s  in  tlie* 
l)ile  of  the  dog  with  a  biliary  fistula  or  in  the  plasma  and  urine  of  the* 
dehepatiz(*d  dog,  in  fr(*e  or  conjugated  form  after  the  injection  of  T4,  it 
appears  that  partial  deiodination  of  T4  proceeds  more  readily  from  position 
0  than  o'.  Thus,  much  more  of  the  T4  becomes  inactivated  by  the  forma- 
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tion  of  T:i,  ratluM-  tliaii  activated  hy  formation  of  Td.  A  pinnit  dif- 

f(‘r(*nc(‘  in  the  calorigenic  and  antigoitrogcaiic  assays  of  tln'se  two  triiodo¬ 
thyronines  has  shown  l>y  Moiu'v  and  associates  (t))  and  l)y  Stasilli, 

Kro<',  and  Meltzer  (Ki). 

Hecognition  of  'Fd  glucuronide  as  tlw*  important  nn*tal)olit<‘  of 

Tt  (d(‘scril>ed  (‘arlier  as  an  unidcaitified  compound  [lOj)  in  l)ile,  and  also 
in  plasma  and  urine  of  d(‘h<*patiz(*d  <logs,  l)(*cam(*  possihh*  wlum  d,3',o' 
Td  hecaim*  available  for  use  as  a  mark(‘r.  has  been  found  in  small 

amounts  in  the  fre(*  state  and  in  larg('  amounts  in  the  conjugated  state. 
This  sugg(*sts  that  partial  deiodination  of  T4  may  precede  conjugation. 
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3, 3', 5'  T3  like  T4  is  conjugated  chiefly  with  glucuronic  acid,  but  small 
amounts  of  8,3', o'  T3  are  also  conjugated  with  sulfate.  Since  larger 
amounts  of  3,3 ',o'  T3  are  liberated  from  the  sulfoconjugate  region  of 
paper  chromatograms  by  acid  hydrolysis  than  by  hydrolysis  with  Mylase 
P,  3, 3', o'  T3  probably  is  also  conjugated  with  a  third,  as  yet  unidentified, 
substance. 

Hecognition  of  3,3'  T2  as  an  important  metabolite  of  T4  in  bile,  and 
also  in  plasma  and  urine  of  the  dehepatized  dog,  indicates  that  partial  de¬ 
iodination  of  T4  may  be  progre.s.sive.  3,3'  T2  is  a  common  metabolite  of 
both  T4  and  T3  (1).  3,3'  T2  was  found  as  a  sulfoconjugate  which  was 
hydrolyzable  with  Mylase  P.  Roche  and  co-workers  (14)  have  reported 
the  finding  of  minute  amounts  of  3,3'  T2  in  the  free  .state  in  kidney  of  rats 
after  administration  of  both  isomers  of  T3  (3,5',3'  and  3, 3', 5'). 

Partial  deiodination  of  T4  occurs  readily  in  extrahepatic  tissues  as  well 
as  in  the  whole  dog.  Our  study  shows,  moreover,  that  more  3,3', o'  T3 
glucuronide  was  found  in  the  dehepatized  dog  than  in  the  normal  dog, 
this  is  due  probably  both  to  more  prolonged  contact  with  extrahepatic 
tissues  and  to  lack  of  metabolism  of  the  3,3', 5'  T3  by  the  liver.  Extra¬ 
hepatic  tissues  remove  .some  iodine  from  position  5'  of  T4  as  well  as  from 
position  5  and  thus  make  3,3'  T2.  Less  of  this  radioactive  iodine  is  liber- 
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'ted  by  the  dehepatized  dog  than  by  the  normal  dog  as  shown  by  the 
lUich  smaller  amount  of  radioactive  iodide  excreted  in  the  urine  of  the 
lehepatized  dog. 

It  has  become  increasingly  apparent  that  organic  metabolites  of  both 
r4  and  T8  are  found  chiefly  in  conjugated  form  in  bile  or  after  hepatec- 
omy  in  urine  and  blood.  The  ability  of  the  liver  to  concentrate  the  me- 
abolites  which  are  excreted  in  the  bile  provides  a  great  advantage  for  th(‘ 
'etection  of  these  sub.stances  as  does  the  accumulation  of  organic  metab- 
ilites  of  T4  in  blood  and  urine  after  liver  removal  because  further  deg¬ 
radation  is  limited.  Our  studies  indicate  that  partial  deiodination  of  the 
lodothyronines  is  of  primary  importance  in  the  metabolism  of  these  sub- 
-tances  in  the  dog.  Alterations  in  the  side  chain  seem  to  be  secondary  and, 
therefore,  of  minor  importance. 

8,8', 5^  T8  has  not  been  considered  an  important  metabolite  of  T4  in 
in  vitro  studies,  which  have  been  concerned  in  general  with  the  process  of 
deiodination  (lo)  and  not  with  conjugation.  Conversion  of  T4  to  T8  has 
Iteen  demonstrated  in  slices  of  kidney  from  the  rat  (16,  17)  and  from  man 
( 18).  Conversion  of  T4  to  tetrac  has  been  observed  in  kidney  homogenates 
(19,  20).  Small  amounts  of  conjugates  also  have  been  found  in  kidney 
homogenates  by  Etling  and  Barker  (20).  Tata  (21),  who  found  that  T8  was 
the  chief  metabolite  of  T4  in  muscle,  mentioned  that  deiodination  was 
more  complicated  in  the  liver  and  kidney  than  in  muscle,  since  several 
products  were  formed  in  the  former.  Deiodination  of  8 ',5'  labeled  T4  (22, 
28)  with  liberation  of  radioactive  iodide  occurs  readily  in  liver  extracts, 
homogenates  or  slices,  but  there  is  only  slight  deiodination  of  8,o  labeh'd 
'I'l  (28).  Yamazaki  and  Slingerland  (24)  and  Lissitzky  and  co-workers 
(25)  have  shown  that  liv('r  slices  will  remove  all  iodide  atoms  from  T4 
with  the  formation  of  thyronine. 

Roche  and  associates  (4)  and  Closon  (5)  have  demonstrated  that  esteri- 
lication  of  T4  in  the  rat  proceeds  chiefly  with  glucuronic  acid  and  to  a 
small  degre('  with  sulfuric  acid.  Roche  and  Michel  (26)  found  small 
amounts  of  both  T4  sulfate  and  T4  glucuronide  in  plasma  and  lymph  from 
the  thoracic  duct  of  dogs  after  injection  of  T4.  Our  observation  of  small 
amounts  of  T8  sulfate  in  the  bile  of  the  dog  after  injection  of  T4  agrees 
"ith  observations  made  on  the  rat  by  Roche,  Michel  and  (Iruson  (27). 

Iodine  atoms  in  position  8'  and  5'  of  thyronines  are  g('nerally  considered 
more  labile  than  those  in  8  and  5  positions  (15).  Only  tlu*  8'  and  5'  atoms 
'•f  T4  are  readily  exchangeable  with  (28).  Positions  8'  and  5'  of  thyro- 
!  ine  are  preferentially  iodinated  (29),  but  they  are  much  more  stable  to 
I  atalytic  hydrog(*nation  with  Raney  nickel  (80).  In  a  small  series  of  rats, 
■oche,  Michel  and  Tata  (81)  found  somewhat  more  radioactive  iodide  in 
'he  urine  after  injection  of  T4  labeled  with  I'"*'  in  positions  8'  and  5'  than 
.  fter  injection  of  T4  labeled  in  positions  8  and  5. 

8,8 ',5'  T8,  administered  to  rats,  is  readily  conjugated  with  glucuronic 
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acid,  and  the  conjugate  is  excr(*ted  in  the  l)ile  according  to  Roche  and  as¬ 
sociates  (:i2).  Dunn  and  Stanhury  (83)  have  found  that  3,8',o^  T8  i> 
rapidly  degrad(‘d  when  adininisten‘d  to  man;  o0%  is  excreted  in  the  urine 
as  iodide  in  24  hours.  Fr(*e  8, 8', 5*  T8  has  b(‘en  shown  to  have  75%  of  tlu 
elTect  of  T4  in  suppressing  tliyroidal  uptake  of  (9,  18).  Rawson  and 
co-workers  (84)  r(*ported  tliat  in  large  doses  8,8 ',5'  T8  decreases  the  basal 
metabolic  rate  of  patients  with  classic  (Iraves’  disease.  Pittman  and 
Barker  (85)  found  that  it  inhibits  the  pcaipheral  utilization  of  T4.  Th(‘ 
pre.senc<‘  of  appreciable  amounts  of  8,8 ',5^  T8  conjugates  in  bile  could 
reduce  the  effect ivtmess  of  the  enterohepatic  circulation  (86)  of  iodine 
compounds  of  bile  in  the  maintenance  of  the  level  of  thyroxine  in  blood. 
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STUDIES  OX  STEROIDAL  EXOL  ETHERS:  AX  AT¬ 
TEMPT  TO  DISSOCIATE  PROGESTATIOXAL 
FROM  COXTRACEPTIVE  ACTIVITY  IX 
ORAL  GESTAGEXS 

GIOVAXXI  FALCOXI,  RIXALDO  GARDI,  GIAXCARLO  BRUXI 
AND  ALBERTO  ERCOLI 

Ldborntnn  di  Ricerche  Vister,  Cnsntenovo  (Como).  Itnlij 
ABSTRACT 

As  a  further  step  in  a  pronram  of  biological  investigations  of  enol  ethers  of 
A’-3-ketosteroi(l  compounds,  17a-acetoxyprogesterone  cyclopcntyl  enol  ether 
was  tested  orally  on  rabbits  for  progestational  effects  and  on  rats  for  other 
endocrine  activities.  The  compound  proved  very  effective  in  the  C'lauberg 
assay  and  in  maintaining  i)regnancy  in  spayed  rabbits,  but  it  was  practically 
inactive  in  the  intrauterine  assay.  On  the  other  hand  it  failed  to  interfere  with 
i'strus,  mating,  ovulation,  pregnancy  and  delivery  at  term  in  the  rat.  In  addi¬ 
tion,  neither  impairment  of  gonadotropic  pituitary  function,  nor  masculinizing 
action  on  the  external  genitalia  of  fetuses  was  observed.  The  bearing  of  these 
findings  pn  the  possibility  of  having  developed  a  pure  progestational  substance 
is  discus.sed. 

The  unusual  biological  propertie.s  of  the  enol  ethers  of  A^-:i-k('t() 
steroidal  compounds  have  been  described  in  several  previous  publica¬ 
tions  (l-o).  Recent  experiments  with  the  cyclopentyl  enol  ether  of  17a- 
acetoxyprogesterone  have  also  proved  interesting,  its  activity  being  ap¬ 
parently  that  of  a  purely  progestational  substance.  This  compound  to¬ 
gether  with  other  progestins  has  been  a.s.sayed  for  the  following  properti(‘s; 
a)  ability  to  produce  a  secretory  endometrium  in  rabbits,  b)  ability  to 
maintain  pregnancy  in  rabbits,  c)  contraceptive  activity  in  rats,  d)  pos.siblc 
masculinizing  effects  on  female  fetuses  in  rats,  and,  e)  pituitary  gonado¬ 
tropin  inhibition  in  parabiotic  rats. 

•MATERIALS 

The  st»‘roidf!  used  in  this  experiment  were  the  following:  estradiol- 1 7/i,  prog<‘sterone 
17a-acetoxyi)rogt‘sterone  (.\R),  6a-methyl-17a-acetoxyprogesterone  (M.VP),  17q 

act‘toxyprogesterone  cyclopentyl  enol  ether  (.\Pc-5),*  and  testosterone  propionate  (TP). 

.ts  it  was  shown  in  an  earlier  study  (6)  that  an  oily  medium  enhances  oral  activity  o 
steroid  compounds,  sesame  oil  was  chosen  as  the  vehicle.  The  steroids  were  administers 
daily,  at  seleeted  doses,  either  parenterally  in  0.2  cc.  sesame  oil  to  both  rabbits  and  rat> 

Received  March  14,  19()l. 

*  'I'lie  physical  constants  of  17a-'acetoxyprogesterone  cyclopentyl  enol  ether  are  a 
follows:  m.p.  1,58-109.5°;  (a]D  —142°.  The  present  figures  amend  those  reported  in 
previous  paper  (1). 
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or  orally  (via  a  stomach  tube)  in  a  volume  of  1.0  cc.  of  sesame  oil  to  rabbits  and  0.2  ce. 
to  rats. 

METHODS  .\\D  RESDETS 

Kiidomelrinl  stim  ulntion 

The  ability  of  the  progostiiis  to  prodtico  a  .secretory  eiuloivietriuin  was 
tested  by  tlu‘  dauber^  method.  Immatun*  female  rabbits,  weighing  7(K)- 
,100  gm.,  were  first  primed  with  0  daily  subcutaneous  injections  of  o  mK 
of  estradiol.  From  the  7th  day,  the  test  compounds  were  administered  for 
')  days  either  subcutaneously  or  orally;  during  this  time  estrogen  dosage 
\vas  reduced  to  0.5  /ig  daily.  The  animals  were  killed  24  hours  after  the  last 
ulministration,  and  their  uteri  removed,  sectioned,  stained  with  haema- 
loxylin-eosin,  and  graded  from  1  to  4  according  to  the  McPhail  techni(|ue 
(7)  for  tlu'  progestational  reaction.  Table  1  presents  the  data  obtaimul  from 

Table  1.  .\vEKAGE  E.NDO.METKIAL  RESPOXSE.s  to  ITa-ACETO.WCROCJKSTEKO.NE  CYCI.O- 
CENTYL  EXOL  ETHER  (.\Pc-5)  IX  THE  RABBIT  (Cl.Al  BERO  TEST)  IX  C'O.M- 
CARISOX  WITH  I’ROOESTEROXE  AXD  1  7a-A<  ETOXY I’ROOESTEROX E  (.\1’) 


('oinijouiid 

Route  of 

Daily  d( 

)sc/animal 

McPhail 

No.  of 

iidininistrution 

mg. 

pinoles 

index 

animals 

Progesterone 

subcutaneous 

0.031 

0.1 

0 

5 

0.()t)2 

0.2 

1  .5 

5 

0,12.') 

0.4 

2.7 

5 

0.251 

0.8 

3 . 5 

5 

.\P 

oral 

1.110 

3 

2.2 

5 

1 .800 

5 

3,2 

5 

.\Pc-.i 

oral 

0.220 

0.5 

2.8 

11 

0.000 

1  .5 

3.2 

0 

tlu'  admini.stration  of  progesterone,  17a-acetoxy progesterone  (AP)  and 
17a-acetoxyprogesterone  cyclopentyl  enol  ether  (APe-o).  As  Table  1  shows, 
.VPc-5  orally  administered  exhibits  an  activity  almost  .similar  to  that  of 
progesterone  given  subcutaneously  in  equimolar  doses,  but  it  is,  by  far, 
more  potent  than  AP. 

The  ability  of  test  compounds  to  induce  a  progestational  proliferation  of 
the  endometrium  was  also  studied  by  means  of  intrauterine  assay,  accord¬ 
ing  to  the  method  of  McGinty  et  nl.  (8).  In  this  experiment  the  steroids 
were  injected  into  a  segment  of  immature  rabbit  uterus,  pnwiously  primed 
with  estrogens.  The  animals  were  sacrificed  8  days  later,  and  the  uterine 
segments  were  prepared  for  histological  study  and  graded  subsequently  on 
the  basis  of  endometrial  gland  development  (7).  It  is  evident  from  the  data 
hown  in  Table  2  that  APc-5,  when  administered  locally,  is  less  active  than 
■it her  progesterone  or  AP. 

Maintenance  of  pregnancy 

In  order  to  investigate  the  pregnancy  maintaining  propiaties  of  test 
ompounds,  female  rabbits  were  ovariectomized  on  the  tenth  day  of  pr(*g- 
lancy  and  treated  daily  with  progestins  for  7  days. 
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TaBI.K  2.  IvNDOMKTRIAL  RKS1*(I.\SKS  TO  1 7a-A<'KTI)XYl’RO(;ESTEROXE  EY'IT.OI’ENTYI. 
ENdl.  ETHER  (APc-5)  IN  THE  RABBIT  (McdlNTY  TEST)  IN  rOMI’ARISON 
WITH  TROOESTEROXE  AND  1  7«- At  ETON Y l’R< XiESTERON E  (AP) 


Compound 

Route  of 

I  )ose , 

animal* 

MePhail 

administration 

MK 

/iinoles 

index 

l*rog*‘sterone 

intrauterine 

ti .  2K 

0.02 

3 

(12.8 

0.2 

3 

(128 

2 

3 

AP 

intrauterine 

7.44 

0.02 

0 

74.4 

0,2 

1 

744 

2 

2 

APe-.-> 

intrauteriiu* 

8.8 

0.02 

0 

88 

0.2 

0 

880 

2 

1 

*  1  ral>t)it  per  group. 


At  autopsy  both  living  and  d(*ad  fotusos  were  counted.  In  Table  8  the 
Jiumber  of  living  fetuses  is  expres.sed  as  a  percentage'  of  the  total  nuinb(*r 
of  implants.  In  addition,  Table  indicates  the  degree  of  resorption  of  the 
dead  fetuses  using  the  following  notations:  +  refers  to  initial,  ++  to  ad¬ 
vanced,  and  to  subtotal  resorption. 

Examination  of  tin*  results  showed  that  .\Pc-5,  given  orally,  was  more 
effective  than  progesterone,  given  subcutaneously,  as  a  pregnancy  main¬ 
taining  compound.  M.\P,  administered  orally,  was  almost  as  potent  as 
A  Pc  -o;  on  the  other  hand,  AP  had  little  or  no  pregnancy  sustaining  prop¬ 
erties  at  the  do.ses  u.sed. 

('oulmceptivc  artivitu 

The  method  used  for  the  assay  of  tin*  contrac(*ptive  activity  of  the  pro- 
gi'stins  is  similar  to  that  describ('d  by  Saunders  and  Drill  (9).  Virgin  h'male 
albino  rats,  weighing  about  loO  gm.,  were  observi'd  for  a  week  and  daily 


TaBI.E  3.  KeKECTIVEXE.SS  of  17a-ACETOXYI*R(K;ESTER<)NE  CYCLOPEXTYI.  EXOl,  ETHER 
(.\Pc-.5)  IN  MAINTAINING  PREGNANCY  IN  SPAYED  RABBITS  IN  COMPARISON 
WITH  PROGESTERONE,  1 7a-ACETOXYPROGE.STERONE  (.\P)  AND 
()a-METHYI.-I7«  ACETONYPROGE.STERONE  (M.\P) 


Compound 

Route  of 
administration 

1  lose  -  kg, 

mg. 

./day 

/iinoles 

Livin  '  fetuses 
(as  ' ^  of  total 
implants)* 

Degree  of 
resorption  of 
dead  fetuses 

Vehicle 

oral 

— 

— 

0 

-I-  +  +  ” 

Progesterone 

subcutaneous 

0.(128 

2 

50 

+  + 

1  .2.5(1 

4 

(17 

-1- 

2.512 

8 

70 

-f- 

AP 

oral 

1  .8(10 

h 

0 

+  +  + 

3 . 720 

10 

8  . 

+  + 

■MAP 

oral 

0.38(1 

1 

35 

+ 

0.772 

2 

53 

-h-l- 

APe-.i 

oral 

0.440 

T 

37 

-b 

0.880 

2 

7.5 

+ 

1  .320 

3 

00 

+ 

Average  responses  of  4  animals  per  group. 
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aginal  siiK'ars  wen*  made*  in  ordc'r  to  ascc'rtain  tin*  pr(“sciH*(‘  of  normal 
<trus  cycle*. 

'rn'atnicnt  with  jjroficstiiis  was  then  started  and  after  a  seeonil  week  tlie  female  rats 
ere  eafted  with  males,  known  to  he  fertile,  at  a  ratio  of  o  females  to  2  males.  Smears, 
tken  daily,  were  I'xamined  for  eornified  epithelial  cells  and  or  sjeermatozoa  until  pri'y;- 
iiK  V  was  (irmly  estahlished.  The  males  were  withdrawn  on  the  1.5th  day  of  cohahita- 
on.  Then  the  females  were  ca^ed  singly  and  cheeked  periodically  for  their  litters.  The 
catment  with  pro<!;estins  was  terminated  21  days  after  the  last  day  of  cohabitation, 
aless,  of  course,  (h'livery  occurred  before  that  time. 

In  this  study,  APe-o  was  compared  with  protest (‘loiu*  and  tc'stosterom* 
j  !opionat(‘  (TP),  both  frivon  subcutaneously,  and  with  AP  and  MAP, 
loth  given  orally  (Table  4). 

At  the  doses  used,  neither  progesteroiu*,  nor  AP,  nor  APe-o  reveah'd 
any  inhibitory  effects  on  (‘strus,  mating,  fertilization,  or  delivery  at  term; 
on  the  otlu'r  hand,  MAP  administration  produced  different  effects.  Only 
at  the  lower  do.sage  did  MAP  allow  some  females  to  havt*  estrus  and  mat¬ 
ing,  but  noiu*  of  the.se  tr(*ated  females  bore  litters.  A  similar  pattern  of  (‘f- 
h'cts  was  shown  by  TP  injected  rats;  in  this  ca.se  the  only  diff(*rence  was 
that  .some  of  the  animals  mated,  although  smears  did  not  show  ('strous 
transformations  in  any  case. 

Since*  progesterone  was  known  to  be  contraceptive*  in  rats  at  certain  'lo.s(* 
l(‘ve*ls,  it  .se*e*me*el  po.s.sil)l(*  that  APe-o  coulel  also  have  this  effect  if  give*n  at 
higher  elo.se*s.  Thus,  a  seconel  set  of  e*xpe*rime*nt.s  e*mple)ying  4  anel  S  |Limole*.s 
e)f  APe-o  pe‘r  animal  and  4  /xnioles  of  progesterone  was  unelertake*n.  From 
the*  re*sults  (presentenl  in  Table  5)  it  is  seen  that  althenigh  proge*sterone*  pre*- 
vcnte*el  more*  than  half  of  the  treateel  animals  from  re*pre)elucing,  APe-o 
cve*n  at  the  higher  elose*s  eliel  not  interfere  with  the  normal  reproeluctive* 
capacity  of  the*  fe*male  rats.  In  this  experiment  only  fertility  re*ce)rels  w(*re* 
k(*pt. 

Mdsculinizing  effects 

The  po.ssible*  masculinizing  action  of  APe-o  was  .stuelie*el  by  e)bserving 
the*  newborn  rats  from  the  contraceptive  activity  e'xpe*rime*nt.  Since  this 
type*  of  e*xamination  was  unelertaken  somewhat  late*  in  the  cour.se*  of  the* 
l)re*vious  e*xpe*rime*nt ,  only  a  part  of  the  litters  appe*aring  in  Table*.s  4  anel  o 
could  be  utilize*el  for  the  stuely  of  masculinizing  effects.  Virilization  was 
judge*el  by  nmasuring  ano-genital  distance's.  Newborns  with  ane)-ge*nital 
distance's  uneler  2  mm.  we're  considere'd  to  be  female's  and  tho.se*  with  a 
(I’stance  gre'ater  than  3.5  mm.  re'gareled  as  males  (Table  (i).  When  the*  elis- 
t:  nee  was  between  2  anel  3.5  mm.,  the  young  were  classifie*el  provisionally 
a  interse'xuals;  however,  laparotomy  showe'el  that  tlu'y  consistently  hael 
0  aries.  The*  newborn  rats  from  APc-5  treate'el  motlu'rs  were  compare*el 
V  th  yemng  born  from  proge'.sterone  anel  MAP-tre*ate*el  mothers.  As  in  the* 
c  ntraceptivity  experiment  no  female  tre*ate*el  with  MAP  be*came'  pre*g- 
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EXOI,  ETHER  (.\l’c-5) 

UPON  THK  KKI'HoOl  <'TIVK  BEHAVIOUR  OK 

FEM  AI.E 

RATS 

, .  1  of 

oiupoHiD  .,,j|nii,i,;tration 

Daily  (losi'/aiiiinal 

Xo.  of 
treated 
te  males 

No. 

of 

litters* 

No. 

of  youn;j 

mH-  /iinolcs 

Total 

I’er  litter 

Vi'liiclc  oral 

10 

0 

O'.t 

1  1  .0  FO.'.lt 

t’ro;j:(‘st('roii('  .><ul>(Mit  aiicoiis 

1  . 2.i(i  4 

10 

4 

44 

1 1  .0  +  1  , 1 

Al’c-.i  oral 

1.7ti()  4 

10 

” 

()0 

0.8  +0.8 

a .  .')2()  8 

10 

8 

70 

0..')  +  1  .2 

*  All  ohtaini'il  I'loni  spontancDiis  delivery. 

t  Mean  ± Standard  llrror. 

nant,  it  was  iK'ccs.sary  to  start  treat  incut  with  this  stt'roid  in  alrtauly  preg¬ 
nant  rats.  The  inetliod  d(‘seril)(*d  by  Bur  c(  (il.  (10)  was  ustal  witli  soint' 
modifications  as  follows:  Virgin  female  albino  rats  wt'rt'  mattal,  and  tlu' 
first  day  in  which  spt'rmatozoa  appt'art'd  in  tlu*  vaginal  smear  was  rt'- 
garded  as  day  1  of  pregnancy.  MAP  was  givtm  from  the  12th  day  to  tin* 
22nd  day  of  pregnancy.  Xo  spontaneous  parturition  occurred  in  tla*  MAP- 
t Halted  group,  and  therefort'  tlu*  young  had  to  b{‘  removt'd  by  mtains  of  a 
caesarian  section.  The  resulting  data,  pre.sented  in  Tabk*  0,  show  that, 
unlike  MAP,  progestia-om*  and  .VPc-o  did  not  causi*  d(*t('ctable  masculini- 
zation  of  young  femaU*  rats. 

(/onadotropin  itihihifion 

The  effect  of  APc-o  upon  pituitary  gonadotrophic  activity  was  studii'd 
in  parabiotic  immature  rats.  .Male  and  female  rats,  wi'ighing  (io  to  70  gm., 
w(*r(‘  placed  in  parabiosis  according  to  Bunst(‘r  and  .Meyi'r  (11).  M  tlu* 
time  of  union,  tlu*  mah*  partner  was  castrated. 

Prog(‘sterone,  .M.VP,  and  .\IV-o  were  given  to  the  mah*  parabiont  onci* 
daily  for  10  days,  beginning  with  the  day  of  the  opi'ration.  Tlu*  animals 
were  sacrificial  on  tlu*  11th  day:  the  ut(*ri  and  ovari(*s  w(*r(*  w(*ig}u*d  to  tlu* 
nearest  O.o  mg.  (Tabh*  7).  Using  thesi*  weights  as  a  crit(*rion,  n(*ith(*r  pro¬ 
gesterone*  given  .subcut an(*ously  nor  .\Pc-o  giv(*n  orally  was  abh*  to  in¬ 
hibit  pituitary  gonadotropin  secr(*tion  at  the  do.ses  us(*d.  .M.VP,  on  tlu* 
other  hand,  effectively  maintain(*d  low  both  tlu*  ut(*rin(*  and  ovarian 
weights  at  doses  (*quimolar  to  .VPc-o. 

Diseussiox 

The  describ(*d  (*xp(*riments  show  that  .\Pc-o  is  a  pot(*nt  oral  progesta¬ 
tional  agent,  because  of  its  ability  to  produci*  a  .secretory  (*ndom(*trium  by 
means  of  the  Clauberg  test  and  to  maintain  pr<*gnancy  in  ovari<*ctomiz(*d 
rabbits,  .\ecording  to  this  investigation,  its  pot(*ncy  is  similar  to  that  of 
prog(*sterone  given  subcutaneously  and  is  far  gr(*at(*r  than  that  of  .VP 
given  orally.  This  latter  finding  is  not  unexp(*ct(*d  dm*  to  tlu*  w(*ll-known 
oral  potentiation  exhibited  by  A^-8-ketosteroidal  (*nol  (*th(*rs  in  comparison 
to  their  par(*nt  compounds  (l-o). 
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TaBI.E  7.  ICkKECTIVEXESS  ok  ITa-ACEXOXYPKOGESTEKOXE  CYC’LOPENTYL  EXOI.  ETHEK 
(APc-5),  (}a-METHYL-17a-AC'ETO.\YPROCiE.STER()XE  (MAP)  AXl)  PROGESTERONE 
IN  BLOfKING  GONADOTROPHIC  ACTIVITY  IN  THE  PARABIOTIC  RAT* 


( Viinpotind 

Route  of 
iidministration 

Daily  dose 

animal 

Bod.v  weight  of  pairs  in  gin. 

Average  organ 

weights  in  mg. 

iiiK- 

/iinoles 

Initial 

Final 

L’terus 

Ovaries 

Vchiflo 

tintaet 

oral 

— 

— 

116 

1.50 

40.1+  5.5t 

38.0+  1.2| 

WhicU* 

(castratiKi  males) 

oral 

118 

138 

141.3+11,5 

126.5+12.0 

IVoKesterone 

subcMitaneous 

0.314 

1 

123 

160 

140.4  +  46.0 

102.8±17.0 

.MAC 

oral 

0.386 

1 

118 

154 

08.6  ±16.7 

03.2±21.0 

1.030 

5 

120 

140 

8;i.8±13.0 

67.6  +  11.0 

ACe-5 

oral 

0.440 

1 

103 

145 

133.1  ±12.5 

137.8  +  22.0 

2.2(HI 

.5 

117 

157 

133.2  +  12.5 

177. 0±  10.8 

*  10  pairs  of  niuU*  and  feiiiah*  albino  rats  |H‘r  gronp. 
t  Mean  ±  Standard  Krror. 


Flirt horinoiv,  APe-o  is  almost  inoffeetive  in  the  intrauterino  assay;  tliis 
finding,  howover,  is  not  surprising  oither,  since  it  is  also  known  that  enol 
(‘thers  arc  nearly  inactive  when  given  parenterally  (1-3).  Thus,  the  failure 
of  APe-o  to  elicit  a  response  when  injected  directly  into  the  lumen  of  the 
uterus  provides  further  evidence  that  steroidal  enol  ethers  an'  scarcely 
active  per  se,  but  are  probably  transformi'd  into  mon'  active  compounds 
following  oral  administration. 

According  to  Saunders  and  J'dton  (12)  and  Drill  (13),  only  thosi;  com¬ 
pounds  which  are  active  in  tlu*  Mcdinty  te.st  (intrauterine  assay)  should 
lie  able  to  maintain  pri'gnancy  in  ovarii'Ctomized  animals.  APe-o  is,  in 
this  respi'ct,  apparently  an  exception. 

In  sharp  contrast  to  its  high  progestational  activity  in  the  Claubi'ig  ti'st 
and  its  maintenance  of  prt'gnancy,  APe-.o  seems  to  be  lacking  other  I'lido- 
ciine  ('ffects,  possessed  by  most  oral  progestational  compounds.  We  r(*f(*i' 
mainly  to  the  findings  obtained  in  the  fertility  study.  Actually,  this  (*x- 
pi'riment  was  a  composite  one,  and  the  following  effects  on:  estrus,  ovula¬ 
tion,  fertilization,  course  and  duration  of  pregnancy,  parturition,  litter 
size,  and  fetal  weight  are  taken  into  consideration.  None  of  these  par¬ 
ameters  were  advers('ly  aff'ecti'd  by  treatment  with  APc-.5;  it  is  known, 
however,  that  other  orally  active  progestins,  as  well  as  progi'sterone  itself, 
interfere  with  .some  stages  of  the  femah*  reproductive  cycle.  Pincus  and 
coworkers  have  exten.sivi'ly  .studied  progestational  compounds  for  anti¬ 
fertility  propi'ities  and  the  ri'ader  is  ri'ferred  to  their  publications  (14-21) 
for  detailed  information. 

Among  the  orally  active  compounds  AP  has  bi'cn  shown  to  be  a  weak 
ovulation  inhibitor  (22),  while  it  is  effective  when  administered  parenter¬ 
ally  (23).  (liven  orally,  AP  has  been  reported  to  be  only  0.03  times  as  po¬ 
tent  as  17a-ethynil-19-norte.stosterone  in  rabbits  (22).  Furthermore,  rela¬ 
tively  high  doses  of  AP  were  required  to  inhibit  estrus  (not  neci'ssarily 
ovulation)  in  bitches  (24)  and  gilts  (25).  Moreover,  in  the  pn'.sent  study, 
.VP  revealed  itself  to  be  devoid  of  a  clear-cut  action  on  the  reproductive 
behavior  of  female  rats,  at  least  at  the  dosage  levels  employed.  Whether 
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tli(‘  poor  activity  of  AP  in  inhibitinfj;  ovulation  may  he  just  a  reflection  of 
its  appanmtly  low  progc'stational  activity,  cannot  he  stated  at  pn'sent, 
sinc(‘  th(‘r(‘  is  a  nmiarkahle  discrepancy  in  the  literature  as  to  its  r(*lative 
potency  as  an  oral  pro{j:(‘stog(*n  (see  22  and  2h  in  contrast  to  27).  Neverthe¬ 
less,  allowing  for  speci(*s  diffenmees,  it  would  appear  fairly  clear  from  the 
present  exp(*rim(*nts  that  formation  of  tin*  cyclopcaityl  (mol  (‘ther,  though 
(‘idiancing  the  oral  activity  of  AP  as  a  progc'stational  ag(*nt,  do(‘s  not  in- 
CH'ase  its  anti-ovulatory  prop(‘rti(‘s.  It  may  he  nott'd  her(*  that  17a-hy- 
droxy-prog(‘sterone  caproate  also  app('ars  to  he  incapable  of  interhaing 
with  ('strous  cycle,  mating,  ovulation  and  litter  size  in  the  rat  (2(S). 

A  reh'vant  point  for  discussion  is  the  failure  of  APe-o  to  inhibit  pituitary 
gonadotropin  s(H*iTtion.  This  raises  the  (pu'stion  as  to  whether  the  absence 
of  antiovulatory  (dfects  is  d(‘pendent  upon  the  lack  of  pituitary  inhibiting 
action  by  that  steroid.  Since  17a-hydroxyprogest(*rone  caproate,  which  is 
inactive  as  an  antiovulatory  ag(mt,  is  also  devoid  of  significant  pituitary 
inhibition,  as  judged  by  the  ovarian  w('ight  response  of  parabiont  femah* 
rats  (29),  it  would  semm  plausible  to  assume  a  causal  n'lationship  betweem 
these  two  propeuties,  as  far  as  both  .\Pc-.o  and  17a-hydroxyprogesteron(‘ 
caproate  an*  concerned.  Such  a  direct  ndationship,  however,  cannot  apply 
to  progesterone,  which  is  an  effective  ovulation  inhibitor,  but  inactive  in 
the  parabiosis  t(*st  (29). 

It  is  of  int(‘r(‘st,  finally,  to  note  the  comphde  absemee  of  masculinization 
of  ff'inale  fetus(‘s  even  from  large  dos('s  of  .\Pc-o.  This  is  in  contrast  to  the 
(‘vident  androgenic  action  exerted  by  MAP,  as  shown  by  the  present  o\- 
perinnmts  which  are  in  agreement  with  the  findings  of  Rev(\sz  et  al.  (80). 

When  all  the  biological  properties  of  APc-.5  describ(‘d  in  th(‘se  (experi¬ 
ments  are  brought  tog(‘ther  for  consideration,  this  compound  tlum  s(‘ems 
to  be  a  uni(iue  oral  prog(estational  agent.  It  produces,  in  the  uterine  mucosa, 
anatomical  modifications  which  are  necessary  for  the  nidation  of  the  fer- 
tiliz(‘d  ovum,  and,  in  addition,  it  is  capable  of  supporting  pn'gnancy  in 
ovariectomiz('d  animals;  therefore,  APe-o  is,  without  a  doubt,  a  true  pro- 
g(‘stin.  On  the  other  hand,  it  app(*ars  to  be  devoid  of  other  endocrine  influ- 
('nc(*s,  such  as;  inhibiting  action  on  estrus,  mating,  ovulation,  nidation, 
d(‘livery  at  term,  and  pituitary  gonadotropin  secivtion,  and  so  may  be  r('- 
ganh'd  pur('ly  as  a  progestational  agent. 

If  APe-o  is  to  be  thought  of  mendy  as  a  progestational  agent,  then  tin* 
philosophical  concept  of  a  g(‘stag(m  a  compound  whose  prog(vstati()nal 
prop(‘rti('s  sensu  strictiori  are  bound  to  its  contraceptive  activities  would 
have  to  be  revis('d.  Ther(‘  are  numerous  well-known  steroids  which  an* 
eff(‘ctive  ovulation  inhibitors  with  little  or  no  progestational  activity.  Tlu* 
stu(li(‘s  on  APc-.5,  as  well  as  on  17a-hydroxyprog(‘st(‘rone  caproate,  sugg(*st 
that  the  opposite  may  also  be  true,  that  is  that  there  are  compounds  which 
an*  prog(*stational  agents  without  being  contraceptive.  Possible  explana- 


ScpUmher.  11)61  ACETOXYl’ROdKSTEROXK  EXOL  ETHER 


()47 


tioiis  and  further  correlations  of  these  observed  pla'iionuaia  will  lx*  tlu*  ob¬ 
ject  of  future  study. 
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EFFECTS  OF  FAT-MOBILIZING  EXTRACT  FROM 
HUMAN  URINE  ON  METABOLISM  OF 
GLUCOSE  IN  RAT  ADIPOSE  TISSUE* 
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Department  of  Medicine,  Harvard  Medical  School  and  the  Peter  Bent  Brigham  Hospital, 
the  Baker  Clinic  Research  Laboratory,  Xew  England  Deaconess  Hospital,  Boston. 
Mas.snchnsetts  and  the  Department  of  Medicine.  The  .Middlesex  Hospital 
-Medical  School.  London,  11. 7..  England 

AHSTUAC’T 

Fat-mohiliziiis  substance  (FMS).  a  small  peptide  isolated  from  urine  of 
carbohydrate  deprived  humans,  alters  carbohydrate  metabolism  in  isolated  epi- 
didymal  adipose  tissue  in  a  pattern  similar  to  that  of  epinephrine  and  prepara¬ 
tions  of  AC'TH  and  growth  hormone.  It  is  inferred  that  FMS  primarily 
mobilizes  fatty  acids  from  adipose  tissue  by  directly  augmenting  the  lipolytic 
reaction. 

IN  1947,  Weil  and  Stetten  (1)  reported  an  increa.se  in  liver  lipid  content 
in  mice  receiving  extracts  of  urim*  obtained  from  fasted  rabbits. 
Chalmers,  Kekwick,  Pa  wan  and  Smith  (2)  have  isolated  a  similar  fraction 
from  urine  from  humans  with  intact  pituitaries  who  were  either  fasted  or 
fed  a  low  carbohydrate  diet.  A  recent  report  (3)  has  further  characterized 
this  human  material.  It  is  a  small  pi'ptide  with  a  molecular  weight  of  le.s.s 
than  18,000,  and  after  acid  hydroly.sis  yields  histidine,  phenylalanine,  leu¬ 
cine,  serine,  cystine,  aspartic  acid  and  a  trace  of  alanine.  Biological  studies 
in  mice  have  shown,  following  subcutaneous  injection,  an  increa.se  in  liver 
fat  and  a  prompt  fall  in  blood  sugar  followed  by  an  increase  in  blood 
ketones.  Prolonged  treatment  results  in  a  decrease  in  carcass  fat.  In  vitro 
the  material  accelerates  free  fatty  acid  relea.se  from  incubated  adipose  ti.s- 
sue  in  concentrations  as  low  as  0.1  to  1.0  mK  nil.  (8).  This  material  has  ap¬ 
propriately  been  named  “fat-mobilizing  substance”  (FMS). 

Recent  studies  on  adipo.'^e  ti.s.sue  have  shown  a  characteristic  metabolic 
pattern  shared  by  several  hormones  (ACTH,  epinephrine,  growth  hor¬ 
mone)  which  accelerate  the  in  vitro  release  of  free  fatty  acids  from  adipos(‘ 
tissue  (4,  o,  0).  This  pattern  includes:  1)  a  primary  incr(*a.se  in  the  rate  of 
release  of  free  fatty  acids  into  the  medium  (if  an  acceptor  .such  as  albumin 
is  pre.sent),  2)  an  increase  in  glucose  uptake  and  an  increase  in  the  incorpo¬ 
ration  of  glucose  carbon  into  glyceride-glycerol,  8)  a  relative  decrease  in 
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Table  1.  Efkects  ok  FMS  on  the  metabolism  ok  uli  cose-U-C'^  in  rat  adipose 
TISSUE  iti  vitro.  FMS  10  Mg/ml-.  olucose  5mM 
Values  in  /uM  ghicose/mg.  N/3  hours.  Means  of  8  experiments  with  standard  errors. 


CO2 

Glyceride-glycerol 

Fatty  acids 

Glycogen 

FMS 

1 .90+0.21 

0.90  +0.09 

0.25+0.00 

0.004  +0.001 

Control 

1 .17  10.17 

0.42+0.00 

0.2910.11 

0.00810.002 

the  metabolism  of  glucose  over  the  direct  oxidative  pathway,  and  4)  an 
increase  in  the  oxidation  of  gliico.se  by  the  tricarboxylic  acid  cycle  as  calcu¬ 
lated  from  the  metabolism  of  spi'cifically  labeled  substrates  (4,  o).  In  addi¬ 
tion,  in  the  presence  of  in.sulin,  there  is  an  even  grt'ater  increase  in  glucose 
incorporation  into  glyceridt'-glycerol  and  the  insulin  effect  on  increasing 
glycogen  synthesis  is  inhibited.  The  studies  to  be  reported  in  this  paper 
demonstrate  that  this  same  sequence  of  metabolic  events  occurs  in  adipose 
tissue  incubated  in  the  presence  of  fat-mobilizing  .sub.stance  (FMS). 

EXPERIMENTAL 

.Vdiposc  fragimuits  weighing  from  100  to  200  mg.  were  excised  from  epidklymal 

fat  pads  of  normal  fed  rats  (Wistar  strain  from  .Vlbino  Farms),  each  animal  serving  as  its 
own  control  for  each  of  the  experimental  variables.  Techniques  of  incubation,  isolation 
of  products  and  determination  of  specific  activity  have  all  been  described  (7,  8,  9).  FMS 
was  isolated  from  human  urine  according  to  previously  described  techniques  (3)  and 
added  to  the  Krebs-Ringer  bicarbonate  buffer  just  prior  to  incubation.  Labeled  glucose 
was  purchased  from  New  England  Nuclear  Corporation,  and  crystalline  insulin  was  ob¬ 
tained  from  Eli  Lilly  and  Co.  through  the  courtesy  of  Dr.  W.  R.  Kirtley. 

RESULTS 

In  Table  1  are  listed  re.sults  from  adipose  tissue  incubated  in  the  pre.s- 
ence  of  uniformly-labeled  gluco.se  with  and  without  FMS,  10  MgAul.  In 
the  presence  of  FMS  there  is  an  increase  in  oxidation  of  glucose  to  CO2 
and  incorporation  of  glucose  carbon  into  glyceride-glycmol.  There  is  no 
significant  effect  on  glucose  carbon  incorporation  into  fatty  acids  or  glyco¬ 
gen.  Table  2  lists  the  effects  of  FMS  on  the  metabolism  of  glucose-l-C‘^ 
and  glucos(‘-fi-C’L  In  control  tissues,  the  usual  preponderance  of  oxidation 
of  carbon-1  to  COo,  compared  to  that  of  carbon-6,  is  noted.  Likewise,  there 
is  the  u.sual  ratio  of  carbon-1  to  carbon-6  of  0.5  in  fatty  acids,  suggesting 

Table  2.  Effects  of  FMS  ox  the  metabolism  of  glucose-1-C"  and  glucose-6-C‘^ 

IN  RAT  adipose  TISSUE  in  vitro 

FMS  10  Mg/ml.,  glucose  5mM.  Values  in  /xM  glucose/ing.  N/3  hours.  Means  of  7  experi¬ 
ments  with  standard  errors. 


CO2  Glyceride-glycerol  Fatty  acids  Glycogen 


FMS 

Glucose-l-C'^  2.3810.52  2.0410.05  0.1010.05  0.01310.002 

Glucose-O-C”  2., 30  1  0.48  2.10  1  0.74  0.13  1  0.00  0.007  1  0.003 

Control 

Glucose-l-C‘<  1.9410.31  0.74  10.09  0.2010.09  0.01810.008 

Glucose-e-C'<  0.5810.07  0.8710.00  0.51  10.18  0.02210.000 
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Tahi.k  3.  IA'fkcts  of  FMS  with  and  wrrnorT  insfi.in  on  thk  mktaboi.ism  of 

ci.rcosK-r-C''^  IN  HAT  ADII’OSK  TIssi  K  in  vitro 

FMiS  10  /nfi;  ml.,  iii.siilin  0.1  unit.>-‘/inl.,  iilucosc  .iinM.  Values  in  /uM  ulucose/ins.  N/3 
lioiirs.  Means  of  4  experiments  with  standard  errors. 


( llyeeride-tilyeerol 

Fatty  aeids 

(ilyeotten 

FMS  +  Insulin 

.i.it'.t  +0.40 

.■>.41  +0.33 

2.41  +0.42 

0.008+0.002 

F.MS 

1  ..tO  +0.20 

0.03+0.17 

0.35+0.07 

0.002+0.001 

Insulin 

4.40+0..T1 

1  .08+0.12 

2. .55  ±0.48 

0.108+0.010 

Cont  rol 

0.08+0.33 

0  54  +0.08 

0.38+0.20 

0.005+0.001 

lhat  half  tho  }i;lu(*o.s(‘  metabolized  via  a  pathway  with  loss  of  earbon-l 
relativ(‘  to  carhon-().  In  the  preseiiet*  of  FMS,  carboii-t)  oxidation  to  CO-j 
is  increast'd  markedly  and  is  {'(pud  to  that  of  earbon-l.  There  is  also  a 
mark(*d  increase  in  glucose'  incorporation  into  glyceridt'-glycerol  from  both 
pluco.se  Carltons.  H('cov('ri('s  of  carbon-1  and  carbon-ti  in  fatty  acids  an* 
now  approximat(‘ly  ('(pial  siiggt'sting  lack  of  opt'ration  of  any  spt'cific 
metabolic  pathway  with  loss  of  one  end  of  the'  glucose  molecule  compart'd 
to  the  otht'r. 

In  Tablt'  :i  art'  listt'd  rt'sults  of  t'xpt'riments  with  and  without  insulin  and 
FMS.  Tilt'  t'xpt'cted  markt'd  inert'ast'  in  tht'  oxidation  of  glucose-U-C'^  with 
in.sulin  is  nott'd  as  wt'll  as  tht'  marked  increast'  in  incorporation  into  glyco- 
gt'ii  and  fatty  acids.  FMS  in  tht'  prt'.sence  of  insulin  increases  even  mort' 
tht'  oxidation  of  gluco.st'  to  COo  and  induces  a  markt'd  increase  in  tht'  in¬ 
corporation  of  glucost'  carbon  into  glyct'ridt'-glycerol.  The  insulin  effect  on 
glycogt'ii  is  complt'tt'ly  inhibitt'd  by  FMS,  whereas  that  on  fatty  acids  is 
apparently  unafft'cted.  Similar  findings  but  with  specifically-labeled  glu- 
cost'  art'  summarizt'd  in  Table  4,  demonstrating  again  that  FMS  tends  to 
inhibit  any  prefert'iitial  mt'tabolism  of  one  end  of  the  glucose  molecule 
compart'd  to  tht'  otht'r,  t'vt'n  in  the  prt'st'nct'  of  an  insulin-induced  increast' 
in  gluco.se  uptakt'.  Sinct'  tht'  efft'cts  of  FMS  are  most  markt'd  in  the  prt's- 
enct'  of  insulin,  adipo.st'  tissut'  fragmt'iits  wt'rt'  incubated  in  the  pre.sence  of 
in.sulin  and  varying  conct'iit  rations  of  FMS.  These  experiments  art'  sum¬ 
marizt'd  in  Figurt'  1  and  show  significant  metabolic  effects  at  1  /ug  ml. 


Tablk  4.  Fffkcts  of  FMS  with  and  witihu  t  in.si  i.in  on  thk  mktaboi.ism  of 
oi.rcosK-l-t'"  AND  <ii.rcosK-t)-C“  in  kat  adipose  TISSI  K  in  vitro 
FMS  10  |ijf/ml.,  insulin  0.1  nnit/inl.,  filiicosc  .5niM.  \'alucs  in  /uM  >;lHcos(‘/nis.  X/3  hours. 
.Means  of  3  experiments  with  standard  errors. 


C( ), 

(dyeeride-ftlyeerol 

Fatty  aeids 

(llyeogen 

FM  S  + 1  thsulin 
(Ilue<>se-l-(*" 

4.13  +  1  .70 

4.82  +0.44 

0.371  ±0.312 

0.020+0.000 

(dueose-(>-(’" 

4  ,4510.87 

4.8810.55 

0.451  ±0.152 

0.01010.004 

FMS 

(!lucose-l-t'‘* 

1  .23+0.31 

0.7810.23 

0.15210.135 

0.012+0.005 

tllueose-ti-t'" 

0.8510.10 

0.74  ±0.10 

0.141  ±0.072 

0.00210.001 

/  nxnlin 

(Ilueose-l-C'* 

4.57  +  1. 24 

0.80  ±0.12 

1  .002+0.520 

0.105+0.005 

(diieD.se4>-('" 

o.r>3  ±0. 10 

1  . 13  ±0. 10 

1  .70210.01 

0.175+0.053 

('on  trot 

( Ilueose- 1-('" 

1 .1810.04 

0.03  ±0.07 

0.034  +0.014 

0.000+0.001 

( llucDse-li-C" 

0.4010.02 

0.01  ±0.05 

0.040  10.015 

0.01310.000 

Scptnnhtr.  I!)f;i  l’AT-M(  )HI  LI  Zl  N(  J  KX'l'HACT  AND  A I  )l  I’OSK  TISSL  I-:  ti:)l 


GL  YCERIDE-  GL  YCEROL  GL  YCOGEN 


FMS  (gamma  per  ml.) 

Fic.  1.  Mct:il)i)!isin  of  irlucosc'-r-C'*^  in  rat  adipose  tissue  in  vitro  in  tlie  pres('ne<> 
of  insulin  and  varviiijr  eoneentrations  of  FMS.  Insulin  0.1  unit  ml. 

DISCUSSION 

Tlu'  pliy.siological  (diccts  of  FMS  on  f»;hu*o.s(‘  metabolism  in  i.solatiul  adi- 
})os(‘  tissiK*  an*  tlu'ndon*  similar  to  tlio.si*  prcviou.sly  reported  for  ('pineph- 
rine  and  prc'parations  of  ACTH  and  growth  hormom*  (4,  o,  (i).  Tlu'  intm- 
pndation  at  present  is  that  tlu‘s(>  hormoiK's  primarily  aeeiderati*  lipolysis 
and  do  not  ('xert  tli(*ir  action  via  inhibition  of  est(‘rification  (4,  o,  (i).  Tlu* 
ris('  in  intracellular  fatty  acids  n'sulting  from  acc(4(‘rat('d  lipolysis  induces 
incri'a.sed  gluco.sc*  uptake  and  glyc(Mid(‘-glyc(‘rol  .syntlu'sis  and  increasi'd 
metabolism  of  gluco.si*  via  the  Fmbd('n-M(\verhof  (glycolytic)  pathway 
and  oxidation  by  the  tricarboxylic  acid  pathway  (4,  o).  TIk'H'  is  usually  an 
inhibition  of  glucose  incorporation  into  tissue  fatty  acids  in  the  pre.s(>nc(' 
of  these  hormoiu's,  but  in  occa.sional  (‘xpi'riments  no  inhibition  is  obs(‘rv(“d. 
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NOTES  AND  (\)MMENTS 

AX  KXDOCRIXK  MIX'HAXISM  IXVOLVKD  IX  TESTICl'LAR  (  HAXCJES 
PRODTCKD  BY  A  DL-KTHIOXIXE  SEPPLEMEXTEI)  DIET:  THE 
EFFE('T  OX  EXTRATESTICELAR  SOERC'ES  OF 
17-KS  EXCRETIOX'’^ 

ABSTRACT 

TIu*  effect  of  <//-ethioiiine  on  extratesticular  androgenic  sources  in  castrated 
rats  was  studied  i)y  means  of  the  total  daily  urinary  excretion  of  17-ketosteroids. 

In  castrated  rats,  the  continual  ingestion  of  etliionine,  despite  its  cumulative 
effect,  had  no  affect  on  the  rate  of  excretion  of  urinary  17-KS  during  the  24  days  of 
administration.  With  respect  to  the  total  daily  excretion  of  17-KS,  ethionine  did  not 
appear  to  affect  any  extratesticular  androgenic  sources  (adrenal). 

Castrated  non-treated  rats  gaining  up  to  80%  of  their  initial  weight  in  24  days, 
had  the  same  rate  of  excretion  of  17-KS  throughout  the  experimental  period. 
Despite  a  continuous  loss  of  weight  in  castrated  ethionine-treated  rats,  the  daily 
urinary  excretion  of  17-KS  was  not  affected.  Thus  a  change  in  weight  does  not  affect 
the  17-KS  excretion  in  non-treated  or  ethionine-treated  castrated  animals. 

Mild  changes  in  the  liver  histology  do  not  affect  liver  capacity  to  metabolize 
17-KS  in  castrated  ethionine-treated  male  rats. 

It  has  been  demonstrated  previously  that  d/-ethionine  has  a  damaging  effect 
on  the  seminiferous  epithelium  of  the  rat  (1-5).  It  has  been  shown  that  d/-ethionine 
reduces  the  excretion  of  urinary  17-ketosteroid8  (17-KS)  by  f  (5).  The  purpose  of 
the  presenf  study  was  to  examine  the  effect  of  d/-ethionine  on  extratesticular 
sources  of  17-KS  precursors. 


M.\TKRI.\L  .\.NI)  .MKTHODS 

.\lbino  male  rats  (Sprague-Dawley)  weighing  about  120  gm.  at  the  beginning  of  the 
experiment  were  used.  The  rats  were  fed  ad  libitum  on  a  diet  of  Purina  lab  chow.  Three 
groups  of  rats  each  comprising  six  animals  were  used.  Two  groups  were  sulijected  to  bilateral 
orchiectomy  and  were  allowed  to  recuperate  for  two  weeks. 

The  animals  were  treated  as  follows: 

Group  .\. — Intact,  untreated  controls. 

Group  K. — Castrated  and  given  aqueous  solution  of  0.5%  ethionine’  in  drinking  water 
ad  libitum. 

Group  L. — Castrated  and  given  water  ad  libitum. 

It  was  estimated  that  each  rat  in  Grouj)  K  ingested  about  70  to  100  mg.  of  ethionine 
daily.  Urine  was  pooled  daily  from  each  of  the  groups  for  evaluation  of  17-KS  according  to 
the  Holtorff-Koch  modification  of  the  Zimmerman  reaction  (6). 

The  animals  were  sacrificed  on  the  24th  day.  Liver,  pancreas,  and  adrenal  tissue  removed 
at  that  time  were  fixed  in  formalin  and  sid)mifted  for  histological  processing  and  morpho¬ 
logical  evaluation. 


KKSULTS 

Castrated  rats  ingesting  ethionine  in  the  drinking  water  showed  fluctuations  in  the 
(‘xcretion  of  urinary  17-KS,  but  the  rate  of  excretion  was  quite  uniform  throughout  the 
experimental  period  although  at  g  the  normal  control  rate.  X’o  difference  in  the  rate  of 
17-KS  excretion  was  noted  in  the  first  12  days  or  during  the  second  12  days  of  the  ex- 

Received  .\ugust  22,  1960. 
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Table  1.  Mean  value  /lO 

17/KS/24  iih./rat 

<  Iroup 

Days 

1-12 

13-24 

.\ 

('onfrol 

.t8 

.')3 

K 

('astrated  +  l-'.tliioiiiiie 

22 

22 

b 

('ast  rated 

111 

21 

poriiiUMit  (Tal)l(‘  1).  This  was  despite  tlie  faet  tliat  the  animals  had  a  mean  loss,  from 
initial  weight,  of  34%  on  the  r2th  day,  and  2()%  on  the  24th  day  (Table  2). 

Histolo{j;ieally,  the  liver  showed  only  a  mild  proliferation  of  oval  e{>lls  (7)  around  tlu' 
portal  spaces,  although  tin*  pancreas  was  .severely  atrophic.  The  adrenals  were  decreased 
in  siz(‘  and  depleted  of  fats.  The  normal  histolojiie  pattern  and  relationship  of  the  dif¬ 
ferent  zones  were  preserved. 

In  castrated  rats  not  given  etlnonine  the  rate  of  excretion  of  urinary  17-KS  was  reduced 
by  I  as  compared  to  the  rate  of  17-IvS  excretion  in  intact  control  animals  (Croup  A, 
Table  1).  In  all  f^roups  the  rat(‘  of  17-IvS  excretion  was  the  same  in  tlu'  first  12  days  as 
during;  the  .second  12  days  of  the  exiH-riment.  Despite  a  weight  gain  of  40%  by  the  12th 
day  of  the  experiment,  which  increased  to  S0%  by  the  24th  day,  the  rate  of  17-KS 
excretion  was  not  affected. 

No  histological  changes  were  encountered  in  the  liver,  jjancreas  or  adrenal. 

DISCUSSION 

In  a  pri'vious  study  (5)  ethionine  was  found  to  decrease  the  rate  of  17-KS  excretion 
before  any  morphological  changes  could  be  ob.served  in  the  testis.  The  question  pre¬ 
sented  itself  as  to  what  extent  this  decline  in  17-KS  could  be  attributed  to  an  ethionine 
effect  on  androgims  originating  from  the  adrenal  (8).  Since  bilateral  orehiectomy  in  the 
albino  male  rat  decrea.sed  the  total  daily  excretion  of  17-KS  by  about  two-thirds  one 
may  conclude  that  about  two-thirds  of  the  urinary  17-KS  originate  from  the  testes.  The 
fact  that  the  administration  of  f//-ethionine  to  castrated  albino  male  rats  ((  Jr.K.),  did  not 
change  the  total  daily  urinarj-  1 7-KS  excretion  from  the  total  daily  excretion  in  castrati'd 
non-treated  rats  it  is  also  apparent  that  this  amino  acid  does  not  affect  17-KS  originat¬ 
ing  from  extratesticular  sources,  namely  the  adrenals. 

Despite  the  fact  that  on  the  24th  day  the  animals  in  Clroup  K  had  a  mean  loss  of  40^ 
of  their  initial  weight  and  the  animals  of  Group  L  had  a  mean  gain  of  80%  of  their  initial 
weight  the  nu'an  excretion  values  for  17-KS  were  nearly  identical.  One  may  conclude 
therefore  that  in  castrated  albino  male  rats  the  nutritional  state,  as  reflected  by  the 
change  in  weight,  does  not  affect  the  total  excretion  of  17-KS. 

In  trying  to  prove  that  the  androgims  originating  from  the  testis  are  produced  b\-  the 
interstitial  glandular  tissue,  certain  authors  (8)  have  thought  it  convincing  if  atrojihy 
of  the  seminiferous  epithelium  was  induced  without  damage  to  interstitial  tissue  and 
androgenic  material  continued  to  be  secreted  by  the  modified  testis.  This  evidence  a|)- 


TaBI.E  2.  Me.\X  WEUillT  AND  PERI'EXT  OK  CHANOE  I.\  WEIGHT 


Weight  in  gm. 


Percent  of  change 


(iroup  and  type 

Initial 

Orchiectomy 
(12th  ilay) 

Sacrifice 
(24th  day) 

111 

(12th  day)  (24th  day) 

A — Control 

130 

190 

222 

+40  9; 

+  71% 

K — Castra  ted -h  Ethionine 

133 

88 

99 

-34G 

-20% 

b  —Castrated 

127 

178 

229 

+40% 

+  80% 
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prars  insuHicicnt  in  lifjlit  of  tlu*  fact  that  andronfiis  arc  elaborated  also  by  the  adrenal 
(S).  On  the  other  hand  ovir  inevioiis  study  (5)  has  demonstrated  that  the  inorpholosieal 
ai)i»earanee  of  the  interstitial  tissue  is  not  always  a  reliable  imlex  of  its  functional  ea- 
pa<dty.  Thus  when  one  employs  x-rays  (9)  radium  (10)  or  artificial  cryptorchidism  (S)  in 
order  to  produce  atroi)hy  of  the  s(‘minif('rous  e])ithelium  the  associated  normal  apiM'ariii); 
beydiu  cells  are  not  m'cessarily  functionins;  normally  and  an  intact  a<lrenal  may  conceiva¬ 
bly  mask  a  functional  Lcydijj  c(‘l!  deficiency. 

In  as  much  as  tin*  i)resent  study  su>'K‘‘><t^  tl'Jit  from  adrenal  origin  are  not 

decreased  in  the  ('thionine-treated  castrated  male  rats  it  would  appt'ar  that  the  Lcydi^ 
cells  are  th(‘  only  sourc«‘  of  androf;ens  in  this  speci»“s.  This  is  in  aKremnent  with  our  i)revi- 
ous  study  (.5)  in  which  it  was  shown  that  th(“  rate  of  excretion  of  17-KS  also  declined  by 
about  3  in  <‘thionine-tr(‘ate(l  intact  rats. 

Further  corroboratictn  will  be  necessary  in  onh'r  to  study  the  jxissible  ('iizymatic 
mechaiusm  l)y  whicdi  d/-ethionine  affects  the  testicular  androgens  and  not  the  adrenal 
androgens  despite  the  fact  that  both  organs  are,  supi)osedly.  secreting  related  androgenic 
substanc<‘s. 

(llL  .\I.  (loLDBKKG,  S.\n.\  (loLDmUUi  A.NO  .1a\  .1.  (lol.l) 
Department  for  Keseareh  in  Human  Reproduetiem 
Michael  Reese  Hospital 
Chicago,  Illinois 
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KFFFA  T  OF  DL-THVROXIXE  OX  THE  PHI  AXI)  H.MR  OF  RATS 
POISOXEI)  WITH  A.MIXOXI  TRILES' 

ABSTRACT 

.Mterations  in  the  weight  of  the  thyroid  glands,  levels  of  serum  protein-bouiul 
iodine  (PHI)  and  basal  metabolic  rates  (liSlR)  were  observed  in  rats  poisoned 
with  methyleneaminoacetonitrile  (M.\.\X)  or  fed  a  Lathyrus  odoratus  diet. 

Thyroxine  prevents  the  connective  tissue  abnormalities  (bone  lesions  or  exostoses) 
induced  with  M.\.\X  but  has  no  effect  on  L.  odoratus  diet.  It  also  prevents  the  weight 
increase  of  the  thyroids  j)roduced  either  by  M.\.\X  or  L.  odoratus.  Rats  poisoned 

Received  Xovember  3.  19H0. 
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■  The  data  presented  in  thi.s  paper  are  from  the  doctoral  thesis  of  Sabit  Gabay,  Eni- 
versityof  Madrid.  1958. 
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Woth  with  M  AAX  or  L.  odoraliis  ticeds  exhibit  an  iiicroaso  in  tho  HMH.  Wlion  tiiyrox- 
ine  is  administered  eitiier  to  normal  or  /^.  odoratus  fed  rats  (whieli  show  no  protee- 
tion)  the  HMU  and  PHI  increase  sinnificantly.  Whereas  thyroxine  protects  ajtainst 
MAAX  poisoniii):  PHI  does  not  rise  but  HMR  increases.  .\n  iidiibition  mechanism 
of  the  toxic  effect  of  M.\.\X  by  thyroxine  is  suttgested. 

I'lie  increase  in  size  of  the  thyroid  glands  repeatedly  observed  in  rats  fed  Liitlijiniii 
odoratus  (sweet-pea)  seeds  (1)  induced  us  to  study  the  effect  of  thyroidectomy,  as  well 
as  the  administration  of  OL-thyroxine  (T4)  in  exireriinental  lathyrisin  (odoratisin)  jiro- 
duced  by  methyleneaininoacetonitrile  (MAAX).-*  It  was  exceedingly  remarkable  to  sei* 
the  aggravation  when  .M.\.VX  was  given  to  thyroidectomized  animals  and  the  active 
protection  when  T4  was  parenterally  injected  (2).  In  experiments  where  aminoaceto- 
nitrile  (AAX)-  was  utilized  (d)  the  same  striking  effects  were  observed.  According  to 
recent  findings,  the  protection  (4)  is  50  to  100-fold  stronger  in  action  when  triiodothyro¬ 
nine  is  used.  On  the  other  hand  it  was  reported  that  «)idy  a  slight  effect  is  observed  when 
triiodothyronine  is  administered  together  with  /lj-.\minoproi)ionitrile  (H.\PX)-  (5).  It 
can  he  eonclmh'd  that  evidence  so  far  reported  does  not  explain  materially  tlx-  mech¬ 
anism  of  action  of  thyroxine  as  a  protecting  agent.  In  the  studies  pre.sented.  an  attempt 
is  made  to  find  an  explanation  for  the  action  of  this  compound. 

M.\TKHI.\L  .\XI)  MKTHODs 

In  this  investigation  the  effect  of  T4  (Ui  rats  fed  a  5()'^t  odoratus  diet,  and  on  animals 
treated  orally  with  5  mg./lOO  gm.  body  weight  of  M.\.\X  was  studied.  Hasal  metabolic  rates 
(HMll)  and  serum  protein-bound  iodine  (PHI)  estimations  were  made.  To  determine  if  the 
effect  of  T4  might  be  due  to  its  iodine  content,  potas.sium  iodide  (KI)  was  used  in  oialer  to 
see  whether  this  compound  could  have  a  ])reventive  effect  on  aminonitrile  poisoning. 

The  experiment  was  carried  out  on  70  rats  of  the  Wistar  strain,  20-32  days  of  age,  rang¬ 
ing  initially  from  43-58  gm.  in  weight  and  equally  distributed  as  to  sex.  .\nimals  were  sub- 
■sequently  divided  in  7  groups  containing  10  rats  each.  The  first  5  groups  received  a  diet  of 
.vOVt  wheat  meal,^  the  last  two  50%  L.  odoratus.^  tlroup  1  rei)resents  the  normal.  (Iroup  2 
consists  of  normals  receiving  daily  75  Mlt  /100  gm.  body  weight  of  T4  subcutaneously.  (Iroups 
3,  4  and  5,  received  MAAX  in  the  (lose  of  5  mg./lOO  gm.  body  weight/day,  administered 
orally.  In  addition,  KI  was  given  to  (Iroup  5,  in  the  dose  of  0.25  mK  /100  gm.  body  weight 
dail\\  (Iroups  4  and  7  were  simultaneously  receiving  T4  in  tin*  same  dose  and  by  the  same 
route  as  (Irouj)  2.  Diets  were  given  ad  libitum  and  the  rats  were  weighed  (‘V(‘ry  other  day. 
.\nimals  were  housed  in  indiviclual  cages  and  daily  diet  intake  was  recorded.  The  duration  of 
this  experiment  was  30-35  days. 

The  estimations  of  HMR  were  carried  out,  in  duplicate  (two  consecutive  days),  on  a 
representative  group  of  5  animals  from  each  lot  measuring  the  oxygen  consumi)tion  by  plac¬ 
ing  th(‘  animals  into  a  vacuum  desiccator  connected  with  a  small  spirometer  of  the  Krogh 
type.  A  Hraun  kymograph  was  used  as  n'cording  device.  .\t  the  end  of  the  experiment  animals 
were  anesthetized  with  ether  and  blood  was  withdrawn  through  the  hejjatic  vein.  Th(>  blood 
of  the  rats  in  groups  of  two  was  jujoled.  Serum  PHI  determinations,  in  dui)licate  samples, 
were  made  according  to  the  method  of  Connor  et  at.  ((»).  Inorganic  iodine  was  also  estimateil 
in  the  filtrates.  The  whole  skin  of  every  animal  was  excised  and  extended  on  a  grapli  ])aper 
for  use  in  calculating  the  HMR  according  to  the  animal’s  body  surface.  The  thyroid  glands 
were  weighed  on  a  pr(>cision  torsion  balance  (Roller-Smith)  immediatcdy  after  they  were 
extirpated. 

KKSULTS 

.\s  sliown  in  Table  1  and  Figure  1,  T4  affords  a  total  i)rotection  in  rats  poisoned  witli 
.\I.\.\.X  whereas  no  prot('ction  is  s('en  in  the  L.  odoratus  fed  grou]).  M.V.\X,  in  addition 
to  s(“vere  bone  lesions,  produces  a  hypertrophy  of  the  thyroids.  This  incn'ase  in  size  of 

’  Mi'thyleneaminoacetonitrile  (M.\.\X):  CH.2=X'^ — C’H.. — (’X*  .syntliesized  accord¬ 
ing  to  “Organic  Synthesc's”  (U.  .Vdams  and  \V,  1).  Lanhley,  eds.)  ('oil.  Vol.  I,  ]>.  347. 
John  Wiley  and  Sons,  Xew  York,  1949.  Aminoacetonitrile  (.VAX);  CIIj — XHo — CX; 
J-aininoiiropionitrile  (BAPX):  XH* — CH2 — ('H2 — CX’. 

*  Constituted  as  follows:  wheat  meal  50%,  casein  10%,  starch  25%,  sucrose  5%,  salt 
mixture  4%,  olive  oil  2%,  cod  liver  oil  2%,  dried  yeast  2%. 

^  Same  as  in  footnote  3,  except  that  50%  L.  odoratus  seed  was  substituted  for  50% 
wln'at  meal. 
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TaBI.K  1.  KkFECT  ok  1)1.-THYK<1XISK  on  rats  I'OISONEU 
WITH  MAAX  OR  FED  A  DIET  OF  oO' <  /..  odorulli.S 


No. 

Group 

No. 

of 

rats 

Food 

intake, 

gm./rat 

/day 

Initial 

weight, 

gin. 

Final 

weight, 

gm. 

Thyroids 
(wet  wgt), 
mg. /1 00 
gm.H.W. 

Severity 
of  bone 
lesionsf 

1 

Normal 

10 

— 

— 

110 

0.8  ±1.0* 

0 

2 

Di.-thvroxine  (T4) 

10 

11.4 

44 

124 

8.4  ±1 .5 

0 

3 

ma.An 

10 

(> .  7 

43 

82 

14.4  ±3.6 

5  + 

4 

.\IAAN+T4 

10 

8.7 

44 

05 

0. 0  +  1.0 

0 

.5 

.MAAN  +  KI 

10 

8.1 

45 

10‘» 

10.4  +2.7 

4  + 

6 

( tdoratus  ,50' , 

U) 

0.7 

58 

121 

15.6±2.0 

3  + 

i 

Odoratus  .50',(  +T4 

10 

12.0 

52 

113 

7.1  +1  .8 

3  + 

*  Standard  di'viation. 
t  Ui‘f;  Figure  1. 


till'  tilaiids  is  also  seen  in  the  ftroup  reeeiviiit!;  o()%  L.  odoratus  diet,  whieh  eonfinns  the 
previous  idiservation  (1).  Thyroxine  per  se  only  produces  a  slight  decrease  of  the  weight 
of  the  thyroids  (P  <0.05  >0.02).  This  hormone,  however,  inhibits  the  increase  in  size 
produced  both  by  M.\.VX  and  L.  odoralus.  KI  does  not  protect  against  aininonitrile 
poisoning,  thus  demonstrating  that  the  protective  effect  of  T4  is  not  due  to  its  iodine 
content. 

The  results  of  PBI  and  BMR  determinations  are  shown  in  Table  2.  PBI  values  in 
Group  1  are  abnormally  high  for  supposedly  normal  rats.  This  could  be  attributed  to  a 
high  iodine  content  of  the  wheat  meal  diet.  This  is  supported  by  the  finding  of  rather 
high  values  of  serum  inorganic  iodine  in  all  groups.  Both  MAAX  (with  or  without  KI 
added)  and  the  L.  odoratus  diet  increase  the  BMR  approximately  50%  (Groups  3,  5  and 
6).  Serum  PBI  however,  shows  a  slight  tendency  to  be  lower  than  pormal.  (1-3  and 
1-5  P,  not  significant;  1-6  P  <0.01).  T4  per  se  (Group  2)  produces  a  highly  significant 
increase  of  both  BMR  and  PBI,  (1-2  P  <0.001).  The  PBI  remains  also  elevated  in 
Group  7  (50%  L.  odoratus-\-TA),  (1-7  P  <0.01  >0.001).  When  M,\.\X"  and  T4  are  given 
simultaneously  (Group  4)  the  PBI  values  do  not  differ  from  those  of  normals.  (1-4  P. 
not  significant).  BMR  is  increased  in  the  same  proportion  in  all  groups  receiving  T4 
(Groui)s  2.  4  ami  7). 

DISCUSSION 

'I'he  increase  in  size  of  the  thyroid  glands  jiroiluced  by  MAAX"  or  L.  odoratus  diet  is 
accompanied  by  an  increa.se  of  jicripheral  oxygen  consumption,  whereas  the  serum  PBI 


Table  2.  Seri  .m  PHI  and  RMH  of  rats  in  exceri.mextal  odoratism 


No. 

Group 

Number 

of 

liooled 

sera 

Serum  PHI,t 
/ig/100  ml. 

Inorganic 
pg/100  ml. 
iodine. 

Percent 
BMR,  increase 

cal./m.*/hr.  of  BMR 
vs.  normal 

1 

Normal 

7 

8. 6 +  1.0* 

4.010.8* 

40 

_ 

2 

Di.-thvroxine  (T4) 

4 

10.4±1  .5 

7.711.7 

120 

145 

3 

ma.Vn 

4 

7.3±1  .4 

4.010.6 

75 

53 

4 

M  AAN  +T4 

.5 

0.2  ±1 .1 

5.810.8  . 

102 

111) 

.5 

.MAAN  +  Kl 

4 

0.2  +  1 .0 

20.710.5 

70 

43 

6 

Odoratus  .50' ( 

3 

6.8±0.5 

4.811.0 

!  7 

58 

7 

Oiloratus  .50 'T  +T4 

3 

12.8  +  1.7 

6.4  ±0.5 

113 

113 

*  Standanl  deviation, 
t  Average  of  duplicate  .sample.s. 

Statistical  significance  of  PBI  values:  1-2,  P  <0.001.  1-3,  1-4  and  1-5,  P  not  significant. 
1-6,  P<0.01.  1-7,  P<0.01.  2-3  and  2-4,  P  <0.001.  2-7,  P<0.01.  6-7,  P  <0.001.  3-4,  P  not 
significant. 
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Fig.  1.  Ft'imirs  of  rats  oxcised  at  the  time  that  FBI  determinations  were  carried  out. 
Reference  may  be  mad(‘  to  our  previous  rejxirt  (7)  relative  to  quantitative  ehan^vs  in 
connective  tissue  eomiKUients  and  minerals  content. 

remains  unchanged  or  tends  to  decrease.  When  T4  is  given  alone  to  normal  rats  a  grc'at 
increase  of  both  BMR  and  serum  FBI  was  observed.  However,  when  T4  and  ^I.\.VN 
are  administered  together,  a  total  jirotection  of  the  hone  lesions  is  obtained,  BMR  in- 
creasi's  hut  .smaini  FBI  dot's  not  rise.  In  tlu'  7th  group,  o()%  A.  n(lnrntuH-\-'VA,  where  ])ro- 
tection  doi's  not  exist,  BMR  and  FBI  remain  eleyati'd. 

It  sei'ins  therefore  that  the  protective  t'ffect  of  'I'd  is  in  soim^  way  related  to  the  un¬ 
changed  FBI  level.  'I'liest'  data  suggest  that  either  a  defect  in  the  binding  of  serum 
thyroxine  or  an  inhibition  of  the  toxic  effect  of  .M.\AN  by  T4  could  explain  this  fact. 
This  inhibition,  if  such  is  the  case,  does  not  seem  to  be  related  to  the  increased  oxygen 
consumption  induced  by  'I'd  since  the  B.MR  increases  in  the  same  proportion  in  the  i)ro- 
tccted  and  non-protected  animals.  It  seems  likely  that  T4  counteracts  the  metabolic 
disturbances  produced  by  M.\.\N  (7). 
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HISTOCHF.MICAL  STCDY  OF  ( ).\  I  DATI VK  KNZY.MFS 
IN  THi:  HC.MAN  PARATHYROID' 

ABSTRACT 

The  dislrihiitioii  of  ten  o.\iilative  enzymes  was  studied  in  a  parathyroid  adenoma 
and  in  seven  suraical  biopsies  of  human  jiarathyroid  aland,  usina  histochemical  tech- 
ni((in“s.  .Vn  int<‘n.se  enzymatic  activity  iiarticularly  of  cytochrome  oxidase,  DPN  and 
TPN  diaphorasi*  and  of  succinic  dehydroaenase  was  found  in  the  oxyphil  ccdls  con- 
trastina  with  the  wiaiker  reaction  observed  in  the  chief  cells.  These  results  aive  sup¬ 
port  to  the  hyiiothesis  that  the  oxyjihil  cells  are  not  deaeiu'rated  as  commonly  be¬ 
lieved  but  metabolically  active. 

The  human  (larathyroid  aland  in  the  adult  is  composed  of  two  main  tyjies  of  epi¬ 
thelial  cells:  the  chief  cell  and  the  o.xyphil  cell.  It  is  commonly  believed  that  the  chief 
cell  is  the  active  secretina  element  of  the  aland  while  the  oxyphil  cell  rejjresents  an  in¬ 
voluted  and  deaeni'rated  form  of  chief  cell  (I).  However  Trier  (2).  usina  the  eh'ctron 
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inirroifcope,  lias  studied  inonkey  paratliyroiil  f;laiids  wliicli  l•(‘s^‘Inbl(‘  luiniaii  jiaratliy- 
roids  histolofiically  and  lias  shown  that  tlu*  oxyiihil  cells  contain  numerous  mitochondria. 
In  addition  Tremblay  and  Pearse  (3)  have  demonstrated,  also  in  the  monkey,  by  means 
of  histochemical  techniiiues,  that  the  activity  of  si'veral  oxidative  enzymes  (I)PX' 
diaphorase,  TPX  diajihorase,  succinic  dehydro>fenase.  |d-hydroxybutyric  dehydro}j;enasi‘ 
and  fjlucose-b-phosphati'  dehydrof;enase)  is  .strong  in  the  oxyphil  cells  and  weak  in  tlu* 
chief  cells.  The  present  reiiort  is  concerned  with  tlu'  histochiunical  distribution  of  ten 
oxidative  enzyini's  in  human  jiarathyroid  shmds  and  in  one  jiarathyroid  adenoma. 

M.\Ti:UI.^I,  A.\l)  MKTHODS 

Tlie  parathyroid  adiuioina  was  obtaiiieil  surgically  from  a  .oS-year  ohl  woman  with  hyper- 
parathyroiilism.  Tlu*  tumor  involved  the  lowi-r  left  parathyroid  ulaiid  and  nnaisiired  1.8  cm 
ill  its  dnaitest  diameter.  Histolonically  it  was  composi'd  of  enlarnetl  chief  cells  amon^  which 
were  scattered  isolated  and  small  groups  of  oxyphil  cells.  In  addition,  .«eveii  small  surgical 
liiopsies  of  parathyroid  gland  were  examined.  Two  of  these  siiccimens  wcu'c  olitaiiu'd  from 
the  up|M“r  right  and  lower  right  parathyroid  glaiul  in  tlu‘  case  of  hyperparathyroidism.  The 
other  biop.sies  were  taken  from  jiarathyroid  glands  identified  in  live  jiatients  iiiidi'rgoing 
thyroidectomy  for  nodular  goiter  or  hyiierjilastic  goiter.  .\11  the  glands  contaimal  the  two 
tyjies  of  cells. 

The  sjiecimeiis  were  frozen  on  metal  chucks  with  dry  ice  immediately  after  surgical  ex¬ 
cision.  Frozen  sections  8  ju  thick  were  cut  in  a  cryostat.  Dijihosiihojiyridine  nucleotide  dia- 
jiliorase  (DPXD),  trijihosiihojiyridine  nucleotide  diajihorase  (TPXD),  succinic  tlehyilrogen- 
ase,  glucose-()-|)hos|)hate  dehydrogenase,  1)PX-  and  TPX-  dejiendant  isocitric  dehydrogiuiasi', 
glutamic  dchyilrogenase,  malic  dehydrogena.se  and  lactic  tlehydrogenase  wer(‘  determined 
using  2,2'-di-(i)-nitroi)henyl)-5,5'-dii)henyl-3,3'-(3,3'-dimethoxy-4,4'-bi|)henylene)  ditetra- 
zolium  chloride  (Xitro  HT)  or  3,5-di|)h(‘nyl-2-(4,5-dimethylthiazol-2-yl)  tetrazolium  bromide 
(MTT)  as  final  electron  acc(“|)tor  (4,  5).  For  the  study  of  cyto<‘hrome  oxidase  the  method  of 
Hiirstone  (ti)  was  emjiloyed  with  a-najihthol  and  X-iihenvl-ji-jihenyU'nediainine  as  navgents. 
After  the  determination  of  cytochrome*  oxidase*  anel  eif  tlie  elehyelrogenases  with  MTT,  the* 
ide*ntificatiem  of  the  eixyjihil  e*e*lls  was  ae*ce)mi)lishe*el  as  jireviemsly  ele*scribe*el,  by  elestaining 
the*  .se*ctions  with  alcohol  anel  re*staining  the*m  with  hematoxylin  and  eosin  (3).  This  mi*thod 
coulel  not  be*  use*el  with  Xitro  BT  which  gives,  eijion  enzymatie*  reeluction,  a  ceiloreel  feirmazan 
insoluble*  in  eirganie  solvent.  In  this  instance*  the*  eixyjihil  e*e*lls  we*r(*  ide*ntifie*el  by  staining  an 
adjae*ent  .section  with  he*matoxylin  and  e*osin. 


UKsui/rs 

'I’he*  re*ae*tie)n  feir  e-yteie-hreime*  eixielase*  (Figs.  1  anel  3),  sue*e*inic  ele*hyelre)ge*nase*  (Fig. 
DPX  eliapheirase*  (Fig.  fi)  iiuel  TPX  eliajiheirase*  (si*e*  le*ge*nel  eif  Fig.  (i).  re*ve*ale*d  an  in- 
te-iise*  enzymatie*  activity  in  the*  eixyjihil  ce*lls  ceintrasting  with  a  wi*ake*r  ae*tivity  in  the* 
chief  e*ells.  This  .streing  re*actiein  was  feiunel  in  the*  eixyjihil  ce*lls  i*eintaim*d  in  the*  ade*neima 
(Figs.  1, 3,  o)  as  well  as  in  the  nein-ne*e)|ilastie*  glanels  (Fig.  (i).  The*  eithe*r  de*hyelroge*nase*s 
stuelie*el  sheiwe*el  less  ae*tivity  in  both  ty|ii*s  eif  ce*lls;  ne*ve*rthe*le*ss  the*  r(*actieins  w(*ri*  sig¬ 
nificantly  streinge*r  in  the*  eixyjihil  e*e*lls  than  in  the*  jirincijial  ce*lls. 

(•eiM.MK.NTS 

'I'liere  e*au  be  nei  deiubt  alieiut  the*  se*e*rt*teiry  e*ajiacity  eif  the*  jirincijial  e*ells  since*  the*y 
are*  the  only  c(*lls  jire*se*nt  in  seime*  aele*neimas  with  hyjie*rjiarathyreiielism  (7),  in  primary 
hvjierplasia  (1)  anel  in  the*  glanel  eif  seime*  animals  (S).  The  assumjitiein  that  the  oxyjihil 
e*ells  are  inveilute*el  is  bast*el  mainly  ein  the*  eibse*rvatiein  that  their  number  incre*as(*s  with 
age  (1),  anel  that  aeleneimas  e*eimjieise*el  e*ntire*ly  eif  these*  e*e*lls  elei  neit  give*  ri.se  tei  symjiteims 
of  hyjierjiarathyreiielism  (7).  ffeiwever  Tremblay  anel  IVarse*  (3)  have*  jieiinteel  out  that 
it  is  elifficult  to  ree*eiiicile*  this  viewjieiint  with  the*ir  fineling  of  a  high  e*einte*nt  of  eixielative* 
(*nzymes  in  the  oxyjihil  e*ells  eif  the*  meinkey  jiarathyreiiel.  The*y  thus  suggeste*el  the  peissi- 
bility  that  the  oxyphil  cells  are  active  and  may  be  e*one*e*rneel  with  the*  e*labeiratiein  eif  a 
secre'tory  jiroeluct  not  yet  ielentifi<*el. 

The  jire*sent  observation  shows  that  the*  eixyjihil  e*ells  in  the  human  jiarathyreiiel  glanel 
are*  also  rich  in  eixielative  enzyme's  anel  thus  give  further  sujijiort  to  the  hyjieithe*sis  that 
these  cells  are  neit  elege*nerat(*d  but  metabolically  active*. 
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Fiu.  1.  ('ytocliiDinr  (»xi(las»‘  reaction  in  the  i)arathyroi(l  adenoma.,  A  sroup  of  o.xyiniil 
cells  shows  an  intense  activity  contrasting  with  the  weak  reaction  in  the  principal  cells. 
X21(). 

Ki(i.  2.  riie  same  section  stained  with  heinatoxylir.  and  ( osin.  'I’he  stronfjly  reactive 
cells  are  typical  oxyphil  cells  with  abundant  granular  cytoplasm.  X210. 

f’lG.  3.  I’arathvroid  adenoma.  Single  oxyphil  cell  showing  an  intense  cytochrome 
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GROWTH  HORMONE  EFFECT  ON  THE  BLOOD  PLASMA  PROTEINS 
IN  THE  PARAKEET'  2 

ABSTRACT 

Parakeets  with  pituitary  adenomas  or  carcinomas  show  a  eharacteristie  marked 
increase  in  an  albumin  component  of  plasma  protein.  To  determine  if  growth 
hormone  injection  results  in  this  same  characteristic  increase,  preiiarations  of 
purified  bovine,  sheep,  pig,  monkey  and  human  growth  hormone  were  adminis¬ 
tered  intramuscularly  into  the  breasts  of  8-  to  ti-month-old  parakeets.  The  birds  were 
bled  before  and  on  the  third  day  after  hormone  injection,  and  relative  protein 
components  were  measured  by  papi'r  strip  elect rophoresi,><.  Regardless  of  the 
source  of  growth  hormone  (bovine,  sheep,  pig,  monkey  or  human)  a  highly  signifi¬ 
cant  “tumor-characteristic”  increase  was  found.  .Vs  in  the  case  of  tumor-bearing 
parakeets,  the  outstanding  histologic  finding  in  growth  hormone  injected  birds  was 
an  accumulation  of  fat  diffusely  distributed  throughout  the  liver  lobules. 

Received  Fidmary  24.  19()1. 

'  This  e.xperimental  .study  was  jilannod  by  Dr.  Hans  G.  Selilumberger.  During  the 
course  of  the  investigation  Dr.  Selilumberger  was  critically  injured  in  an  automobile 
accident  and  was  unable  to  continue  this  research  problem. 

-  Sujiporteil  by  a  grant  from  the  National  lu.stitutc's  of  Health  ((’-8484). 


o.xidase  activity  among  the  weakly  reactive  child  cells,  X210. 

Fig.  4.  The  same  section  staiiu'd  with  hematoxylin  and  eosin.  The  highly  active  cell 
is  a  ty|)ieal  oxyiihil  cell,  X21(). 

Fig.  5.  Succinic  dehydrogenase  activity  in  the  parathyroid  adenoma.  Isolated  and 
cliLsters  of  oxy])hil  cells  react  intensely.  Tin*  mor-i'  numerous  chief  cells  are  only  mod¬ 
erately  active,  X4l). 

Fig.  ().  DPN-diaphorase  activity  in  a  human  jiarathyroid  gland.  Scattered  o.xy|)hil 
cells  ari'  .strongly  reactive.  'Phe  (diief  cells  show  wiaiker  activity.  Similar  results  wen*  ob- 
s(*rved  with  'I'PN  diaphorase  reaction.  'Pin*  nuclei  contain  no  enzyme  and  appc'ar  as  'dear 
round  sjiaces,  X21(). 
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Olio  of  the  most  oommon  tumors  in  the  parakeet,  Melopsittacus  uudulatus,  is  a  neo¬ 
plasm  of  the  pituitary  (1).  Two  of  these  tumors  have  been  carried  as  serial  transplants 
in  this  laboratory;  one  is  now  in  the  29th  passaf;»‘  (2)  and  the  other  in  its  Gth  passaf!;e. 
All  birds  with  the  jirimary  or  transplanted  jiituitary  tumors  show  a  marked  increase  in 
one  plasma  protein  comixment,  a  characteristic  that  has  not  been  observed  in  normal 
l)irds  or  in  parakeets  with  other  types  of  tumors  (3).  Fox  (4)  identified  this  iirotein 
comjxment  by  solubility  criteria  as  an  albumin. 

The  presence  of  a  growth  hormone  .six-reted  by  the  pituitary  tumor  is  indicated  by 
an  increase  in  bixly  and  or^an  weights  of  tumor-bearing  nestling  parakeets  and  liy 
the  ixisitive  result  of  the  hypophysectomized  rat  tibia  test  with  an  extract  of  the  tu¬ 
mor  (5). 

This  paper  is  a  report  of  exix'riments  designed  to  determine  if  intramuscular  injec¬ 
tion  of  growth  hormones  into  normal  parakeets  re.sults  in  a  pituitary  tumor-  charac¬ 
teristic  increa.se  in  an  albumin  component  of  bhxxl  plasma  protein. 

M.WKKIALS  .\NI)  MKTHOD.S 

Both  male  and  female  parakeets  aged  months  were  anesthetized  witli  an  aipteous  solu¬ 
tion  of  1.25  mg.  (0.1  cc.)  phenobarhital  sodium  injected  intramuscularly  into  the  breast. 
.\nesthetized  birds  were  bled  via  wing  vein;  the  blood  was  collected  in  heparinized  capillary- 
tid)es  and  was  centrifuged  in  an  International  cainllary  micro-centrifuge,  Model  M.li. 
Blood  ijlasma  samples  (0.00(1  ml. /sample)  were  delivered  by  lambda  pipettes  onto  a  Spinco 
stripper  and  ai)plied  to  the  i)aper  strijjs.  The  Spinco  Model  K  pap«“r  electrophoresis  system 
consisting  of  a  iVIodel  H  series  1)  paper  electrophoresis  cell,  Model  R  <luostat  and  the  Nlodel 
R  B  .\nalytrol,  was  used  throughout.  Using  Spinco  veronal  buffer  at  pll  8.0  as  the  electrolyte 
medium  a  constant  ctirrent  of  8  milliamperes  per  cell  was  applied  to  the  i)aper  for  a  period  of 
10  hours,  .\fter  heat  fixation  at  120°  C  the  proteins  were  stained  with  bromophenol  blue  and 
stained  strips  were  scanned  with  the  .\nalytrol.  Protein  components  were  separated  as  to 
peaks,  integration  units  were  counted  and  j)er  cent  of  each  component  was  calculated.  Oidy 
those  birds  witli  initially  normal  j)rotein  albumin  patterns  (comjx)nent  1  representing  at 
least  8%  and  component  2  rei)resenting  not  more  than  88%  of  the  total  protein)  were  used 
for  these  experiments. 

Preliminary  tests  indicated  that  a  single  injection  of  0.5  mg.  purified  bovine  growth 
hormone  was  sufficient  to  bring  about  a  marked  increa.se  in  j)rotein  component  2  (albumin) 
by  the  8rd  day.  In  another  i)reliminary  experiment  to  determine  when  a  significant  increase 
in  this  albumin  component  first  appears  and  how  long  this  increase  jtersists,  50  i)arakeets 
were  bled  via  wing  vein  for  normal  protein  patterns.  Two  weeks  later  0.5  mg.  of  purified 
bovine  growth  hormone  was  injected  intramuscularly  and  8  birds  were  bled  and  then  sacri¬ 
ficed  on  the  1st,  2nd,  8rd,  4th,  5th,  7th  and  9th  days  j)ost-injection.  Statistical  evaluation  of 
protein  components  before  and  after  hormone  administration  indicatcxl  that  a  signiHcant 
increase  was  first  observed  on  the  8rd  day  after  hormone  injection  but  was  not  found  o!i 
the  4th,  5th,  7th  or  9th  day. 

In  separate  experiments,  jjreparations  of  purified  bovine,  sheep,  |)ig,  monkey  and  human 
growth  hormones^  were  injected  intramuscularly  into  the  breasts  of  normal  parakeets.  The 
purified  hormones  were  suspended  in  0.9%  sodium  chloride  so  that  the  amount  of  inoculum 
per  bird  contained  0.5  mg.  hormone.  Oji  the  8rd  day  after  hormone  injections  the  birds  were 
i»h‘d  and  j)rotein  determinations  were  made  as  before,  .\fter  wing  vein  bleeding  the  birds 
were  killed  by  <lislocating  the  cervical  vertebrae;  tissues  were  fixed  in  formalin  and  were 
s(‘ctioned  for  histological  examination. 

itKSULTS 

Mean  per  cent  values  of  the  four  protein  compom'uts  in  97  jtarakc'ets  8  days  after 
treatment  with  specific  hormones  are  pre.sented  in  Table  1.  There  was  a  sfatistically 
significant  increase  (P  <0.001)  in  protein  component  2  with  a  corres]x)nding  decrease 
in  the  other  compommts  in  all  treated  birds. 

The  significant  histologic  finding  was  a  diffuse  fatty  metainorithosis  in  the  liver  of 
treated  itarakeets 

ni.scussiox 

.V  significant  increase  in  the  plasma  itrotein  comix)nent  2  seen  in  growth  hormoix' 
injected  parakeets  on  the  3rd  day  postinjection  coincides  with  the  first  observable  in- 

®  Courtesy  of  the  Kndocrinology  Studj'  Section.  Xational  Institutes  of  Health. 
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TaBI.K  1.  MkaX  PKB  CKNT  VAI.IES  ok  plasma  PKOTEINS  IN  BIKI>s  o  DAYS  AKTKH  I  \- 
•lECTION  H  ITII  PI  RIFIEI)  liROWTH  HORMONES 
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Xo.  of 

Plasma  protein  eomiMUU'uts* 

llorinones  ! 
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13 
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12 

19 

27.5 
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17 

P  Value 
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<9.991 

<9.95 

<9.995 

Monkey 

Itefore 

1  1 

23 . 5 

'  22 

1 8 .  ,5 

17.5 

.\fter 

1  1 

15.0 

i  38 

14 

14 

P  Value 

<9.991 

1  <9.991 

1  n.s. 

n.s. 

//  inn  an 

^  12 

bi'fore 

18 

i  29 

22.5 

2!) 

After 

12 

13 

43 . 5 

12.5 

.  17.5 

P  Value 

n.s. 

<9.991 

1  <9.991 

1  <9.91 

*  A  fifth  protein  eoinponent  was  oliserved  in  40  birds  before  and  in  07  liirds  after  horinoin* 
injeetion.  Mean  value  in  tin*  former  was  10%  and  in  the  latter  was  18%,  not  a  si(;infieant 
ditfereiiee. 

**  n.s.=not  siunifieant. 


crease  in  this  eoin|)onent  follo\vin}>;  intuitary  tumor  trans])lantation  (3).  Also  like  tlie 
])lasma  i)r()t('in  of  jiarakoets  bearing  transijlanted  pituitary  tumors,  then'  was  a  n'la- 
tive  deerease  in  the  otlier  tliri'e  protein  eomponents  without  an  obvious  absolute  de¬ 
crease  (3)  (0).  rsiiif!;  the  teehniques  of  immune  eleetrojihoresis  and  speeifie  absorption  of 
anti-sera  Fox  (4)  showed  that  this  |)rotein  component  2  is  albumin  rather  than  a  unique 
protein  jiresent  in  the  plasma  of  jiituitary  tumor-bearinf!;  paraki'ets.  The  diffusi'  dis¬ 
tribution  of  fat  throughout  the  liver  lobuh's  of  treated  birds  was  also  similar  to  that 
si'en  in  the  liver  ei'lls  of  transiilanted  ])ituitary  tumor-beariii}!;  jiarakeets  (5). 

The  presence  of  a  significant  plasma  albumin  increase  and  a  fatty  metamorphosis  in 
the  liver  cells  of  parakeets  injected  with  purifieil  growth  hormone  extract  suggest  the 
possibility  that  plasma  papi'r  strip  eleetrojihori'sis  might  be  used  as  anotlu'r  means  of 
detecting  the  presence  of  growth  hormone.  Kxjieriments  designed  to  te.st  this  hypothesis 
are  in  progress. 

.Vlthough  a  fifth  jdasma  protein  component  was  obsi'rved  in  40  of  the  97  birds  jirior  to 
hormone  injeetion  and  in  07  birds  after  hormone  administration,  there  was  no  statis¬ 
tically  significant  relative  increase  in  this  component.  The  occasional  ap|)('aranee  of  a 
fifth  plasma  protein  eomixment  in  young  parakeets  (2-5  months  old)  prior  to  and  fol¬ 
lowing  jiituitary  tumor  transplantation  has  bi'en  observed  in  this  laboratory  jire- 
viously  (5).  This  random  appearance  of  a  fifth  jirotein  eomiionent  in  young  parakeets 
is  not  clearly  understood  at  the  [iresent  time  and  awaits  further  study. 

Harriet  J.  Rudolph  anm)  Nils  (’.  Feurson 

Department  of  Patliologij 
University  of  Arkansas  Medical  Center 
Little  Rock,  Arkansas 
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.<iTri)lES  ON  THE  ASCORBIC  ACID  C'ONTENT  OF  THE  ADRENAI. 

OF  THE  BAT  (.MYOTis  Lvci/  rarsy 

ABSTRACT 

The  ascorbic  acid  content  of  the  adrenals  of  the  bat  was  determine*!  in  hiber- 
natint;  and  active  animals  following  epinephrine  and  .\C'TII  treatment  of  captive 
animals.  Non-caj)tive  bats  were  studied  during;  hibernation  and  active  states,  and 
following  arousal  from  hibernation.  Captivity  per  se  did  not  influence  the  adrenal 
vitamin  content  of  hibernatinjj  or  activ*'  bats.  .Vmonn  the  captive  animals,  .\CTH 
was  effective  in  hibernating  and  epinephrine  in  active  animals  in  decreasing  the 
adrenal  ascorbic  acid.  The  most  marked  dei)letion  of  the  adrenal  vitamin  occurred 
in  the  non-captive  hibernating  bats  stressed  by  arousal,  a  finding  well  correlated 
with  the  blood  corticosterone  content  reported  for  the  hamster,  another  hibernating 
species,  after  similar  treatment.  The  studies  indicate  a  relationship  of  ascorbic  acid 
to  adrenal  physiology  of  the  bat  comparable  to  that  observed  for  some  other  species. 

The  recent,  renewed  interests  in  comitarative  endocrinology  emi)hasiz('  the  lU'ed  to 
study  the  humoral  relationshi|)s  in  lower  vertebrates  and  invert**brates  to  better  under¬ 
stand  the  aetioiis  of  hormones  in  all  speeies.  The  endocrine  |)hysioIogy  of  native  hibernat¬ 
ing  mammals  has  n'ceived  little  attention,  obviously  dm*  to  the  i)oor  adaptability  of  tlu'se 
animals  to  laboratory  conditions. 

The  studies  on  the  adn-nal  ascorbic  acid  of  a  number  of  speeies  by  Elton,  et  al.  (1) 
revealed  that  this  vitamin  could  bt*  depleted  from  the  glands  of  only  some  speeies  by 
cold  stress  or  adrenocorticotrophie  hormone  (.\('TH).  However,  no  si)eeial  considera¬ 
tion  was  given  to  those  species  which  normally  hibernate  during  the  winter  months.  It 
would  Im*  of  int(*rest  to  note  the  response  of  animals  to  stress  or  .\C'TH  during  both  the 
hibernating  and  active  states,  and  whether  the  ascorbic  acid  concentration  of  tin* 
adrenal  of  the  bat  n'flects  the  physiological  change's  demonstrated  for  other  siu'cies. 
With  such  objectiv*'s  in  mind,  the  following  exi)(*riments  wen*  designed  to  study  the 
effects  of  epinephrine  and  .VC’TH  on  the  adrenal  ascorbic  acid  of  bats  when  either  acti\  e 
or  cold-induced  hibernating  during  cajdivity.  Other  studies  were  initiated  to  determine 
adrenal  activity  of  non-cai)tive  active  and  hibernating  jmpulations,  and  the  effect  of 
arousal  from  hibt*rnation. 


MKTHODS 

.\11  animals  utilized  in  these  experiments  were  adult  females.  The  bats  were  captured 
during  their  diurnal  roosting  period  from  colonies  occupying  local  caves  or  houses.  The  caj)- 
tive  bats  were  maintained  according  to  the  procedure  ovitlined  by  Krutzsch  and  Sulkin  (2). 
Active  animals  were  kept  at  a  temperature  of  30°  C  and  a  relative  humidity  of  08*^.  .\rtificial 
hibernation  of  captive  bats  was  induced  by  placing  them  in  a  cold  room  at  5°  C.  Non-captive 
animals  represent  those  l)ats  which  were  sacrificed  by  decapitation  immediately  upon  cap¬ 
ture  in  the  field.  In  every  case,  adrenal  glands  were  removed,  freed  of  extraneous  connective 
tissue,  and  weighed  on  a  torsion  balance.  Ascorbic  acid  concentration  was  determined  by 
the  method  of  Roe  and  Kuether  (3).  Captive  bats  were  stressed  by  an  injection  of  100  afi!  uf 
epinephrine  or  treated  with  0.01  i.u.  of  .\CTH  (.\rmour)  intraperitoneally  per  animal.  Non- 
caj)!' ve  bats  were  stressed  by  bringing  them  from  hibernation  to  an  active  state. 

Received  .March  3,  1901. 
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'riio  adrenal  aseorhic  acid  eoneeiitratidn  of  tlie  Eat  is  not  influenced  l)y  captivity, 
riie  active  animals  under  both  captive  and  non-captive  conditions  demonstrate  com¬ 
parable  glandidar  vitamin  contents  (Oroups  IV  and  VlII,  Table  1).  Likewi-se,  hibernat- 
iiiK  animals  studied  in  a  laboratory  cold  room  or  in  the  field  show  adnuial  ascorbic  acid 
values  not  significantly  different  ((Jronps  1  and  \’ll). 

When  captured  hibernatiufr  bats  are  tri'ated  with  epinephrine,  no  chanj!;es  in  the 
adrenal  vitamin  content  are  noted  (Oroups  I  and  II).  However,  the  administration  of 
.VCTH  to  a  hibernatiiiK  bat  results  in  a  de|)letion  of  ascorbic  acid  of  about  43%  (Oroups 
1  and  III,  P<.01). 

Captured  bats  maintained  in  an  active  state  have  higher  adrenal  ascorbic  acid  con¬ 
tents  than  similar  hibernating  animals  (Oroups  I  and  IV,  P  <.()5).  In  the  case  of  these 
active  animals,  however,  the  epinephrine  treatment  appears  to  be  more  effective  in  dt*- 
pleting  adrenal  ascorbic  acid  (Oroups  IV  and  V,  P  <.02)  than  did  the  ACTH  (Oroups  IV 
and  VI,  P<.25). 

Among  the  non-captive  groups  studied,  the  active  animals  demonstrate  a  higher 
adnmal  vitamin  content  than  hibernating  bats  (Oroups  VII  and  VIII,  P  <.00,5),  a  find¬ 
ing  similar  to  that  mentioned  above  for  caiffive  groups.  The  most  marked  de|)letion 
of  adrenal  ascorbic  acid  occurs  in  the  non-cajjtive  bats  stressed  by  arousing  them  from 
hibernation  to  an  active  state.  The  vitamin  content  decreased  about  S2%  (Oroups  VII 
and  IX,  P<.001). 

DISCUSSION' 

The  problem  of  whether  or  not  ascorbic  acid  is  related  to  the  jihysiological  activit\' 
of  the  adrenal  corti'x  in  tin*  various  spi'cies  studied  has  been  reviewed  by  Elton  et  nl. 
(1).  An  examination  of  the  adrenal  vitamin  values  obtained  in  this  study  following  endo¬ 
crine  treatment  reveal  a  relationshii)  of  ascorbic  acid  in  adrenal  jihysiology  of  the  bat 
comparable  to  that  .seen  in  rats  and  guinea  pigs,  sjiecies  uiion  which  most  .studies  have' 
been  performed. 

Due  to  the  seasonal  selection  of  the  animals,  all  of  the  captive  female  bats  were  preg¬ 
nant  whereas  those  females  in  the  non-captive  groups  were  not.  Nevertheless,  active  or 
hibernating  animals  under  either  condition  revealed  similar  adrenal  ascorbic  acid  con¬ 
centrations.  PiH'gnancy  in  the  cajitive  bats  was  not  reflected  in  any  adrenal  vitamin 
alteration. 

It  is  notable  that  the  .VC'TH  was  effective  in  causing  a  vitamin  dei)h>tion  in  the  cap¬ 
tive  hibt'rnating  bats,  but  no  changes  were  found  following  ei)ine|)hrine  treatment.  Per¬ 
haps  in  hibernating  animals  the  lowered  metabolic  activity  reduces  pituitary  jiroduction 
of  ACTH  so  that  adrenal  stimulation  is  observed  only  after  exogenous  trophic  hormone 
administration.  .Vmong  the  captive  active  bats,  significant  depletions  of  ascorbic  acid 
were  noted  after  epinejihrine  rather  than  .VC'l'H  treatment.  \  possible  explanation 
might  be  that  the  epinephrine  .stimulated  endogenous  .\CTH  production  which  was  more 
effective  in  reducing  the  adrenal  vitamin  content  than  the  exogenous  trophic  hormone,  a 
substance  readily  metabolized  in  the  active  animal,  fine  might  also  theorize  that  in  the 
active  bat  the  administi'red  .VCTH  facilitated  the  rate  of  ascorbic  acid  repletion  in  the 
adrenal  to  balance  the  vitamin  depletion,  a  situation  comparable  to  that  described  by 
Kessler  and  Leathern  (4)  for  lack  of  adrenal  cholesterol  depletion  in  mice  following 
ACTH  treatment. 

The  marked  depletion  of  adrenal  ascorbic  acid  in  the  non-captive  bats  stressed  by 
arousing  from  hibernation  coincides  well  with  data  available  on  blood  corticosteroids  of 
'imilarly  stressed  hibernating  hamsters.  Denyes  and  Horwood  (5)  reported  that  the  e.x- 
tremely  low  blood  corticosterone  level  in  the  hibernating  hamster  is  rapidl}'  increased 
upon  arousal.  If  the  ascorbic  acid  in  the  adrenal  of  the  bat  is  intimately  associated  with 
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TaHI.K  1.  AscciRBIC  acid  CONCKNTRATIDX  ok  bat  ADRKNAI.S  IM)ER 
VARlors  PHYSIOLOGICAL  STATES 


Comlilion 

( iroups 

.\dr.  ase.  acid 
(m‘-£/190  mg.  tissue) 

P' 

Captive' 

1  Hibernating  (13) 

139  -)-  15* 

11  Hibernating -i-ejiiuephrine  (13) 

147  ±22 

111  Hibernating -I- ACTH  (12) 

79-t-14 

<  .01 

IV  .Vetive  (25) 

190  ±10 

<  .05t 

V  .\ctive -|-epine])hrine  (22) 

140-)- 12 

<  .02 

VI  .\ctive-t-A('TH  (2()> 

103  ±14 

<  .25 

Non-Captive- 

VII  Hibernating  ('.)) 

122  ±9 

VI 11  .\ctive  (10) 

208  ±23 

<  .005t 

I  .\  Stn-s.secP  (10) 

22  -)- 13 

<  .001 

*  Staiidanl  error. 

'  .\dult  prciiiiaiit  female  hats  obtained  durini'  summer  months. 

*  .\dult  normal  females  obtained  during  winter  months. 

’  Stressed  by  bringing  from  hibernation  to  active  stat»‘. 

(  )  Number  of  animals. 

■*  The  t-tests  ar«‘  made  between  the  mean  of  an  experimental  and  that  of  its  eontrol  grouj). 
t  The  t-tests  are  made  between  active  and  hibernating  groups  under  the  same  condition 
of  captivity. 


steroid  release  from  tlu'  gland,  as  has  bt-eii  suggested  for  otluu'  sjieeies  (b,  7,  S).  then  tlie 
resultant  low  adrenal  vitamin  value  obtained  for  this  stressed  hibiunator  can  be  ex¬ 
plained.  A  rapid  relea.se  of  adrenal  steroid  ai-companied  or  preeeded  by  aseorbie  acid 
would  leave  behind  in  the  tissue  only  minimal  amounts,  as  the  data  in  Table  1  indicate. 
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Following  D(‘c*(*mhcr  31,  1901,  The  Endocrine  Society  Incorporat(‘d  will 
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spondence  relating  to  subscriptions,  back  volumes,  reprints,  and  advertis¬ 
ing  may  be  addressed  to  the  Jixecutive  Secretary,  The  luidocrine  Society, 
Inc.,  1200  Xorth  Walk(‘r  Stn'ct,  Oklahoma  City  3,  Oklahoma,  following 
I)(‘cember  31,  1901. 


